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Bioabsorbable fixation devices have been in clinical use within orthopaedics and trau-
matology for fixation of fractures and osteotomies since the eighties. However, the long-
term effects on living tissues of these relatively slowly (in several years) degrading im-
plants, in particular poly-levo-lactic acid (PLLA) -containing implants, are not thus far
wellknown, and were evaluated in the present work. Moreover, the degradation time of
the self-reinforced (SR) PLLA appearing unnecessarily long for cancellous bone healing,
the present work includes a pilot study presenting  an implant material consisting of
PLLA and racemic lactide (PDLLA) in a ratio of  70/30%, which degrades faster than
PLLA. Patients with rheumatoid arthritis (RA) theoretically benefit highly from the use
of bioabsorbable implants in surgery; many of these patients undergo several operations
during their lives, and avoiding  implant removal for discomfort caused by subcutaneous
or migrated metallic implants is an advantage. The suitability of SR-PLLA implants for
arthrodeses was studied in patients with RA. Unlike patients with long-lasting RA, pa-
tients with internal fixation of ankle fractures with SR-PLLA implants, being young or
middle-aged without disabling diseases, have a high activity level that makes great
demands on the mechanical properties of the SR-PLLA implants. These implants’ suit-
ability was studied in this indication.
Arthrodeses (65: 46 of the wrist, 7 of the talocalcaneal-calcaneocuboid-talonavicular
(triple), 3 of the talocrural (ankle), and 9 of the first metatarsophalangeal (MTP) joint) in
patients with RA, and 16 ankle fractures were fixed with SR-PLLA devices. SR-PLLA
ABSTRACT
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rods were used for the wrist arthrodeses, SR-PLLA screws and rods for the ankle fracture
operations, and for arthrodeses of the triple and ankle joints, and screws of a co-polymer
of SR-PLLA and SR-PDLLA in a ratio of 70/30% for the arthrodeses of the first MTP
joint. Outcomes of these procedures were assessed clinically and radiographically in two
short- and three long-term studies. Evaluation of the long-term degradation of the imp-
lants in a subgroup of 33 patients by computed tomography (CT) scanning was the scope
of a separate study.
The SR-PLLA implants showed high biocompatibility in the long-term follow-up, ex-
cept for 5 cases, in which overload of degrading polymer material in thin subcutaneous
tissue originating from uncut screw heads led to tissue reactions, and in 2 cases to excep-
tionally slow degradation of the polymer. Inside the bone, SR-PLLA implants degraded
in 4 to 6 years, leaving behind channels filled with connective tissue-dense material, and
with cortical bone-dense margins. Slight bone resorption occurred, but no vigorous os-
teolysis.
SR-PLLA implants served well as fixation devices for wrist- and triple arthrodeses
in patients with RA and with ankle fractures. However, difficulties occurred in bony
healing of ankle arthrodeses. SR-P(L/DL)LA 70:30 screw-fixation of arthrodeses of the
first MTP joint in patients with RA gave promising results, and these implants should not
be overlooked in future research on other clinical applications for these implants within
orthopaedics and traumatology.
Abstract
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In the field of orthopaedics and traumatology,
metallic osteosynthetic devices are widely used
for internal fixation of the bone. These devices
provide sufficient mechanical strength for can-
cellous and cortical bone fixation, and the tissue
tolerance for metallic osteosynthesis devices is
generally good. The disadvantages of the use of
metallic implants have, however, become evident
in the long-term exposure of living tissues to
these implants. Due to the stiffness of metal,
osteosynthesis with metallic plates leads to limi-
tation of mechanical stress on the bone and, con-
sequently, to temporary osteoporosis (Uhthoff
and Dubuc 1971, Tonino et al. 1976, Paavolainen
et al. 1978). The clinical significance of this
phenomenon is demonstrable, because  removal
of metallic osteosynthesis implants may lead to
refractures of the weakened bone (Hidaka and
Gustilo 1984, DeLuca et al. 1987).
Corrosion of metallic implants has been docu-
mented (Merrit and Brown 1985, Barbosa 1991).
Metallic implants may interfere with radiation
therapy (Scher et al. 1988) and cause artefacts in
computed tomography (CT) and magnetic reso-
nance imaging (MRI) scans. With these harmful
effects of metallic implants, together with the
discomfort produced by the subcutaneously
implanted osteosynthesis devices, removal of the
metallic implants is not uncommonly necessary.
Routine removal of metallic implants from the
weight-bearing bones is even recommended by
the Arbetsgemeinschaft für Osteosynthesefrage/
1. INTRODUCTION
Association for the Study of Internal Fixation
(AO/ASIF) (Müller et al. 1991a).
 To avoid the disadvantages of metallic imp-
lants, bioabsorbable polymers have been under
scrutiny since the late sixties as an alternative
implant material for bone fixation (Schmitt and
Polistina 1969). The group of alpha-hydroxy
acids, containing polymers such as polyglycolide
(PGA), polylactide (PLA), and polydioxanone
(PDS), are totally resorbed in the living tissues
in the presence of water, producing non-toxic
end-products: carbon dioxide and water (Frazza
and Smith 1971, Miller et al.1977, Williams
1979, Gilding 1981). These polymers have been
extensively evaluated for use in the fields of
maxillofacial and orthopaedic surgery. They,
and their co-polymers, have served as raw mate-
rial for absorbable sutures since the seventies
(Frazza and Smith 1971, Ray et al. 1981).
The first studies concerning implants made of
PLA, the subject of the present study, were in the
field of experimental maxillofacial surgery
(Cutright et al. 1971, Kulkarni et al. 1971, Getter et
al. 1972). Even though the results of those studies
of PLA implants for bone fixation in the facial area
were encouraging, the mechanical properties of
the non-reinforced implants were too modest for
use in fixation in weight-bearing bone areas
(Vert et al. 1986). Considerable improvement in
the mechanical properties was achieved in the
eighties, when Törmälä and co-workers intro-
duced a novel manufacturing method for bio-
Introduction
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absorbable implants: PGA or PLA polymer matrix
reinforced with oriented fibers of the same
polymer material leading to a strong self-
reinforced (SR) polymer structure (Törmälä
et al. 1987, Törmälä 1992). The first clinical
application for SR-PGA /poly-L-lactide (PLLA)
screws was internal fixation of ankle fractures in
1984 (Rokkanen et al. 1985), and since then,
implants, such as screws, rods, plugs, tacks, wires,
and arrows were developed for use in multiple
indications within orthopaedics and traumatology
(Rokkanen 1998).
SR-PLLA implants have been available for
clinical use since 1988 (Partio 1992). Several
experimental (Majola 1991a, Manninen et
al.1992, Tuompo et al. 1996, Nordström et al.
2001) and clinical (Partio 1992, Pihlajamäki et
al. 1992, Juutilainen and Pätiälä 1995, Juutilai-
nen et al. 1996, Jukkala-Partio et al. 2000)
studies have demonstrated that these implants
provide sufficient mechanical properties for
safe cancellous bone and ligamentous fixation.
The initially high-level mechanical properties
are retained for a time-period sufficient for bone
or soft tissue healing, and are then gradually
degraded, shifting the mechanical stress to the
healing tissue (Majola et al. 1992a, Pohjonen et
al. 1997). With these implants, the phenomenon
of stress-protection of the bone due to excessi-
vely rigid metallic osteosynthesis is avoided
(Partio et al. 1992a).
Implants made of  SR-PLLA have been found
to be well tolerated by the host tissues, both in
experimental animals and in human beings, in
the short term. However, the ultimate biocom-
patibility of these implants remains yet to be es-
tablished. The degradation time of PLLA is se-
veral years (Matsusue et al. 1995, Jukkala-Par-
tio et al. 2001), reflecting the fact that late clini-
cal tissue reactions may emerge years after ope-
rations with PLLA implants (Bergsma et al.
1995). Previous long-term evaluations of bio-
absorbable implants are rare; only one long-
term study on PLLA implants in clinical use has
appeared (Matsusue et al. 1997).
Between 1988 and 1999, at the Department of
Orthopaedics and Traumatology, Helsinki Uni-
versity Central Hospital, 1043 operations for se-
veral indications in orthopaedics and traumato-
logy were performed with SR-PLLA-implant
fixation. To evaluate the long-term effects of
these implants, patients from the first few years
of this period were selected for the present
study. Another focus of interest of the study was
to evaluate suitability of the SR-PLLA implants
in arthrodeses in patients with rheumatoid
arthritis (RA); these patients not uncommonly
have to undergo several procedures during their
lifetimes, and  avoidance of another implant
removal is a benefit. Moreover, exposure of the
fragile skin of a rheumatoid patient to rough
metallic osteosynthesis material subcutaneously
implanted  may not be ideal. To turn a new page
in clinical bioabsorbable polymer research, a
preliminary study of the SR-PLLA and racemic
lactide (PDLLA) 70:30 (SR-P(L/DL)LA 70:30)
screw - a bioabsorbable implant new to the field
of orthopaedics and traumatology - fixation  in
arthrodeses in rheumatoid patients was included
in the present study.
Introduction
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2. REVIEW OF THE LITERATURE
2.1 ANATOMY OF THE WRIST
The wrist is an anatomic structure with multiple
joints, divided into three joint systems formed
by the radius and the ulna, plus the eight carpal
bones.
In the distal radioulnar joint (DRU), the
head of the ulna articulates with the distal
radius. DRU is stabilised by the joint capsule,
the triangular fibrocartilage complex (formed
by the fibrocartilaginous disc, the ulnocarpal
ligaments and the tendon sheath of the tendon
of the carpal ulnar extensor muscle), the
radioulnar interosseal membrane, the tendon
of the carpal ulnar extensor muscle, and the
pronator quadratus muscle. The distal ulna is
separated from the proximal row of carpal
bones by the fibrocartilaginous disc. In the
radiocarpal joint, the distal radius articulates
with the scaphoid and the lunate bone (Rosen
et Weiland 1998). In the intercarpal joints, the
carpal bones articulate with each other
(Blomqvist et al. 2000). Radiocarpal and
intercarpal joints are stabilised by ligaments,
the most prominent of which are located on
the volar side of the wrist.
Approximately half  the extension and fle-
xion mobility of the wrist takes place in the
radiocarpal and half in the intercarpal joints
(Blomqvist et al. 2000). The mobility of the
wrist from the neutral position to radial devia-
tion is enabled by the intercarpal joints, and
from the neutral position to ulnar deviation by
the intercarpal and  radiocarpal joints (Youm
et al. 1978). DRU enables the rotational
movements of the forearm together with the
proximal radioulnar joint of the elbow.
2.2 EPIDEMIOLOGY OF RHEUMATOID
WRIST ARTHRITIS
In RA, the wrist joint is frequently affected,
and a wrist arthritis as the first manifestation
of  RA is not uncommon. Epidemiology of
rheumatoid wrist arthritis has been evaluated
in the following inception cohort studies: in
293 patients with RA and controls, wrist
arthritis as the first manifestation of RA was
observed in 2.7% of patients. Involvement of
the wrist was initially unilateral in 30% of
these patients, but during the disease, it
became bilateral in 95% (Short et al. 1957).
Rashker and Cosh (1978) reported severe
damage to the wrist in 60% of patients with
RA after 15-year follow-up. In a study of 103
patients with sero-positive RA followed from
the onset of RA up to 15 years (83 patients)
and 20 years (68), at the 15-year follow-up
39% of the wrists of the patients showed
either severe erosive changes or had been
fused, and at the 20-year follow-up only 25%
of the wrists presented no or only non-erosive
changes (Belt et al. 1998a).
Review of the Literature
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2.3 RHEUMATOID CHANGES IN THE
WRIST
The first signs of rheumatoid involvement of the
wrist are those caused by synovitis, which com-
monly begins around the distal ulnar head and
the scaphoid bone and progressively spreads
around the synovium and the connective tissue
the joints (Feldon et al. 1993). Destruction of
the ligaments around the joints of the wrist per-
mits subluxations of the joints, which leads to
gradual deterioration of the joint surfaces and
increasing deformation of the wrist. In some
 patients, the deformation of the joint surfaces
results in ankylosis of the wrist, but in most, in
instability of the wrist (Clayton 1965, Evans et
al. 1986, Stanley and Norris 1988, Bogoch and
Moran 1999). As the disease progresses,
subchondral bone erosions and later cartilage
and bone destruction appear (Stanley and Norris
1988). In the caput ulna syndrome, where the
ulnar head turns to dorsal subluxation or dislo-
cation leading to supination and radial deviation
of the wrist, the extensor tendons of the ulnar
side of the wrist and fingers are susceptible to
attrition and rupture (Vaughan-Jackson
syndrome) (Bäckdahl 1963). Flexor tenosyno-
vitis may cause symptoms of carpal tunnel
syndrome  in patients with RA (Vainio 1957,
Barnes and Currey 1971). In the rheumatoid
wrist with end-stage destruction, the cartilage
and the bone show severe erosions, the rows of
carpal bones are dislocated volarly, the DRU is
dissociated, and this is commonly associated
with imbalance of the extensor tendons of the
wrist and the fingers.
2.4 TREATMENT OF RHEUMATOID
WRIST ARTHRITIS
2.4.1 Conservative treatment
Conservative treatment of wrist RA consists of
non-steroidal anti-inflammatory and disease
modifying anti-rheumatoid drug therapy, local
or systemic steroidal therapy, and the use of
splints (Rosen and Weiland 1998).
2.4.2 Surgical treatment
When conservative treatment is insufficient to
relieve symptoms, surgery is considered. The
aim of the surgical procedures on the wrist in
patients with RA is, by relieving pain, achiev-
ing stability of the wrist, and correcting defor-
mations, to enhance the function of the hand
(Clayton 1965, Mannerfelt and Malmsten
1971, Papaioannou and Dickinson 1982,
Kobus and Turner 1990). Two categories of
surgery  may be considered: soft-tissue or bone
procedures.
2.4.2.1 Soft tissue procedures and surgery on
the distal head of the ulna
Synovectomy at early stages of involvement of
the wrist has shown quite good results for pain
relief even in long-term follow-ups, despite
subsequent deterioration in the radiological
picture (Vahvanen and Pätiälä 1984, Böhler et
al. 1985). The results concerning mobility of
the wrist after synovectomy show variation
(Alnot and Leroux 1985, Allieu et al. 1989,
Melone and Taras 1991). The main purpose of
tenosynovectomies of the extensor or flexor
tendons of the wrist and the fingers is to pre-
vent rupture of the tendons due to rheumatic
Review of the Literature
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inflammation and  prevent malalignment of the
wrist following imbalance of the tendons
(Brown and Brown 1988). To obtain a signifi-
cant prophylactic effect from this procedure, it
should be performed before the ingrowth of
the rheumatoid tissue in the tendons becomes
extensive (Clayton 1965). In patients with
radial deviation of the wrist that is still passively
correctable and in whom radiographically the
joints appear well preserved, tendon transfers,
such as the tendon of the long radial extensor
muscle of the wrist to the tendon of the ulnar
extensor muscle of the wrist, may correct the
deformity (Feldon et al. 1993). Ruptures of the
extensor or flexor tendons of the rheumatoid
wrist may be corrected either by side-to-side
sutures or tendon transfers, for example, a
single wrist extensor can be transferred to the
extensors of the fingers (Clayton 1965). In the
Vaughan-Jackson syndrome, the ulnar head
may be resected (the Darrach operation)
(Posner and Ambrose 1991), or the Sauvee-
Kapandji procedure may be performed, in
which the resected distal part of the ulna is
fused to the radius at the level of the DRU
(Taleisnik 1992).
2.4.2.2 Arthrodesis of the wrist
When all these less extensive methods of
surgical intervention of the rheumatoid wrist are
insufficient to control its pain, deformity, and
instability, arthrodesis is an efficient and safe
way to treat a destroyed wrist joint (Mannerfelt
and Malmsten 1971, Millender and Nalebuff
1973, Kobus and Turner 1990, Howard et al.
1993, Juutilainen and Pätiälä 1995). Several
methods of performing a wrist arthrodesis with
varying intervals of post-operative immobili-
sation  have been introduced: The resected
portion of the ulna as the bridging graft in
arthrodesis and cast immobilisation was first
reporteded by Smith-Petersen in 1940. Since
then, bone grafts have been used from the tibia
(Salenius 1965, Thomas 1965) and the iliac
crest (Danielsson and Unander-Scharin 1963,
Campbell and Keokarn  1964) combined with
cast immobilisation.
Short-term results of arthrodesis of the wrist
In 1965, Clayton fused 5 wrists in patients
with RA by an iliac crest or sliding radial bone
graft and a Steinmann pin from the third
metacarpal bone to the radius, with cast immo-
bilisation from 8 to 11 weeks. All wrists fused
(Clayton 1965).
To offer rotational stability of the arthrodesis
and to make the plaster cast immobilisation
unnecessary, in 1971 Mannerfelt and Malmsten
introduced a method in which the wrist arthro-
desis was fixed with a Rush pin from the third
metacarpal bone to the radius, and 2 metallic
staples were inserted on each side of the pin
from the radius to the carpal bones. Of the
43 patients with RA undergoing surgery, 30
required no post-operative cast immobilisation.
All fusions united. In 2 patients, a carpal tun-
nel syndrome needing a surgical procedure
developed (Mannerfelt and Malmsten 1971).
With a similar technique - with the exceptions
that the intramedullary device was a Steinmann
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pin inserted between the bases of the second
and third metacarpal bones, staples were used
in only some of the operations and splint
immobilisation lasted from 4 to 6 weeks - bony
union was achieved in 58 of 60 patients with
RA. One patient had a deep wound infection,
sloughing of the skin on the dorsum of the
wrist appeared in 3 patients leading to necrosis
of the extensor tendons in 2 of them, and in 12
the pin had to be removed due to migration
(Millender and Nalebuff 1973).
Straub and Ranawat (1969) performed 18
arthrodesis of the wrist on patients with RA
with bone grafting from the distal radius or
ulna and fixation with 3 Kirschner wires.
There was one non-union, and 15 patients
found the result good or excellent. The Kirschner
wires were removed after bone healing had
taken place.
Howard and co-workers treated 8 wrists of
patients with RA by an arthrodesis with a
sliding radial bone graft fixed with cortical
metallic screws, and 9 wrists with a one-third
tubular AO-plate. All fusions consolidated. A
shorter post-operative immobilisation period
indicating more rapid consolidation of the
fusion was observed in the patients with
AO-plate fixation. One patient had a wound
infection which was cured by oral antibiotics,
and in one patient a prominent screw was
removed at 6 weeks (Howard et al. 1993).
Pech and co-workers fused 29 wrists in
patients with RA with the resected ulnar head
as a bone graft and an L-shaped metallic plate
and metallic screws as fixation devices. A pal-
mar splint for up to 4 weeks was used in cases
with concomitant tendon repair. All arthrode-
ses fused on average in 2.5 months. There was
one deep infection, which resolved after remo-
val of the plate (Pech et al. 1996).
Juutilainen and Pätiälä (1995) fused 18
wrists in patients with RA with bioabsorbable
SR-PLLA rod fixation and followed the patients
for 6 months. One wound infection was cured
with antibiotics, and bony union was achieved
in all fusions.
Acute anterior forearm compartment
syndrome following wrist arthrodesis has been
reported as a rare complication of wrist arthro-
desis (Baeten et al. 1999).
Long-term results of arthrodesis of the wrist
A few studies have assessed the long-term
effects of wrist arthrodesis in patients with
RA: Barbier and co-workers (1999) evaluated
the long-term (average 7 years) results from
wrist arthrodesis with a modified Mannerfelt
and Malmsten (1971) technique in 18 patients
with RA. All 18 fusions were found with bony
union and pain relief, and functional results in
all patients were satisfactory.  The average po-
sition of the arthrodesis was 8º of extension
(range, –10-25º) and 9º of ulnar deviation
(range, –2-25º). Functional results were
evaluated by comparison of the function of the
fused side to the non-fused side and analysed
by the Jebsen-Taylor Hand Function Test
(Jebsen et al. 1969). There was one case of
wound necrosis, and in some cases the metallic
pins had to be removed due to skin irritation.
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Kobus and Turner (1990) followed 79 patients
with RA with 87 wrist fusions for a mean of
6 years (range, 2-14). The technique was
Steinmann pin and staple fixation with cast im-
mobilisation; there were 2 pseudoarthroses. In
the subjective results, pain was mild or absent
in all patients, function improved in 95%, and
satisfaction with the procedure resulted in
95%. When 18 patients with 22 fused wrists
were examined by the standardised functional
evaluation described by Rayan et al. (1987),
they had abnormal values in 75% of their acti-
vities compared with values for normal cont-
rols. Complications were present in 23% of
cases, including removal of the prominent pin
in 10 patients, carpal tunnel syndrome requi-
ring carpal canal decompression in 4, and a
superficial skin slough in 2.
Vicar and Burton (1986) treated 48  patients
(70 wrists) with RA with a fusion in 33 cases
and a Swanson silicone arthroplasty in 37. The
follow-up time of the study was 82 months on
average. The wrist fusion technique included
the ulnar head as a bone graft and insertion of a
metallic pin  and a 3- to 4-week cast, and conse-
quently, a 3- to 4-week splint immobilisation.
All fusions consolidated. In the subjective
results concerning pain and activities of daily
living (ADL), patients with arthrodesis had
good or excellent results in 97% and with
arthroplasty in 78% of cases. In the fusion
group there was a carpal tunnel syndrome in 3
patients, removal of a prominent pin in 3, and
delayed wound healing in one, and in the
arthroplasty group complications in 9 patients.
2.4.2.3 Arthroplasty of the wrist
The role of arthroplasty in treating the destroyed
rheumatoid wrist remains controversial. Several
types of cemented or cementless endoprostheses
of the wrist have been in clinical use: Swanson
silicone implants, 2-piece ball-and-socket pros-
theses such as Meuli and Volz prostheses, the
trispheric prosthesis, and the new-generation
prosthesis with an ellipsoid ball to imitate
normal joint function. A high incidence of com-
plications such as silicone synovitis, loosening,
dislocation, and wound problems associated
with Swanson silicone implants has restricted
their use (Brase and Millender 1986, Vicar et
Burton 1986, Fatti et al. 1991, Jolly et al. 1992).
Similarily, the complication rates of Meuli
(Cooney et al. 1984, Meuli and Fernandez
1995) and Volz (Dennis et al. 1986, Menon
1987) arthroplasties have appeared high.
Figgie and co-workers (1990) reported very
good 9-year results concerning pain relief and
function of the hand with the trispheric wrist
prosthesis, but radiographic loosening of a
prosthesis component occurred in 20% of cases.
The new generation of anatomically designed
prostheses has shown promising short-term
results (Cobb and Beckenbaugh 1996, Courtman
et al. 1999, Radmer et al. 1999, Divelbiss et al.
2002),  but the follow-up intervals of these
prostheses are still too short to allow any con-
clusions to be drawn. To date, the clinical use of
arthroplasty of the wrist is limited to  cases for
which some movement of the wrist is desirable,
such as on one side in bilateral wrist arthritis
surgery (Cobb and Beckenbaugh 1996).
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2.5 ANATOMY OF THE ANKLE AND
HINDFOOT
The ankle consists of the tibia, fibula, talus and
the tibiotalar, distal tibiofibular, and fibulotalar
articulations with their supporting ligaments.
The hindfoot consists of the talus and the
calcaneus with their three adjacent joints: the
talonavicular, the talocalcaneal (subtalar), and
the calcaneocuboid joint, and their supporting
ligaments (Cimino and O’Malley 1998).
2.6 EPIDEMIOLOGY OF RHEUMATOID
ANKLE AND HINDFOOT ARTHRITIS
The ankle and hindfoot are commonly involved
in RA, with problems concerning the hindfoot
more common than those concerning the ankle
in adult-onset RA; involvement of these joints is
related to the duration of the systematic rheu-
matoid disease. Involvement of the hindfoot and
ankle joints in RA has been evaluated in cross-
sectional studies; in 1 000 patients with RA,
Vainio found involvement of the hindfoot joints
in 70% of the patients, whereas the ankle joint
was affected in only 9% (Vainio 1956). Miehlke
and co-workers (1997) observed that for 300
patients with an average RA duration of 9.5
years, the ankle and hindfoot joints were affected
in 52%. The Jakubowski group (1970) reported
involvement of the talocrural joint in 40% of
patients with RA of many years’ standing. Spiegel
and Spiegel (1982) observed an increase from
8% to 25% in symptoms concerning the hind-
foot joints with a duration of the RA of less or
more than 5 years, respectively. In 2 inception
cohort studies with 103 patients with sero-positive
RA, of which 68 were followed for 20 years, at
the end-point follow-up, subtalar fusions had
been performed on 12%, and 19% of patients
had severe rheumatoid changes in their subtalar
joints (Belt et al. 1997); 7% presented with
major and 16% minor changes in their ankle
joints. No reconstructive surgery had been
performed, but one open synovectomy and two
tenosyno-vectomies on the ankle region (Belt et
al. 2001a).
2.7 RHEUMATOID CHANGES IN THE
HINDFOOT
Rheumatoid destruction of the hindfoot joints
begins with synovitis, and leads to joint sur-
face erosion and deformity. The calcaneus
turns to a valgus malposition, leading the ante-
rior part of the talus and the rest of the foot
arch to sink down to form a pes planovalgus
deformity (Blomqvist et al. 2000). If the liga-
ments of the hindfoot joints are weakened
because of inflammatory synovitis, the initial
valgus alignment will be progressively
enhanced. Persistent weight-bearing stress will
irreversibly stretch the supporting ligaments
and result in permanent malalignment (Spiegel
and Spiegel 1982). Chronic tenosynovitis of
the posterior tibial tendon may cause symp-
toms such as local tenderness and oedema and
impossibility of heel-rise, and may contribute
to the formation of the pes planovalgus defor-
mity (Michelsson et al. 1994). In addition to
medial pain caused by the malalignment of the
foot, lateral pain in the ankle may be observed
in hindfoot joint arthritis and pes planovalgus,
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due to impingement laterally (Cimino and
O’Malley 1998). Tarsal tunnel syndrome is not
uncommon in the pes planovalgus in RA
(McGuigan et al. 1983).
2.8 RHEUMATOID CHANGES IN THE
ANKLE
Involvement of the ankle joint in RA is usually
secondary to the involvement and malalign-
ment of the hindfoot joints, and with rare
exceptions, significant primary deformity of
the ankle joint does not occur (Kirkup 1990,
Cimino and O’Malley 1998, Belt et al. 2001a).
Painful persistent synovitis leading to destruction
of the joint surfaces and bone-on-bone contact
with a valgus malalignment is the common
course of the ankle involvement in RA (Kirkup
1990).
2.9 TREATMENT OF RHEUMATOID
HINDFOOT AND ANKLE ARTHRITIS
2.9.1 Conservative treatment
Conservative treatment of the hindfoot and
ankle RA consists of anti-inflammatory and
disease-modifying medications, local or sys-
temic steroidal therapy, physical modalities,
correct shoewear and weight relief (Spiegel
and Spiegel 1982).
2.9.2 Surgical treatment
Indications for surgery for ankle and hindfoot
arthritis are pain resistant to conservative
methods of treatment leading to gait difficul-
ties, and in cases of hindfoot involvement,
intervention and correction of the pes planov-
algus deformities (Blomqvist et al. 2000). As
ankle problems are commonly secondary to
the malalignment of the hindfoot joints (Belt et
al. 2001a), it is appropriate first to correct this
malalignment.
2.9.2.1 Arthrodeses of the hindfoot
The talonavicular joint is the most common of
the hindfoot joints to be affected early in the
course of RA (Ljung et al. 1992), and studies of
selective arthrodesis of the talonavicular joint
have shown that this procedure may achieve
relief of the pain in the hindfoot and prevention
of the formation of pes planovalgus (Elbaor et
al. 1976, Ljung et al. 1992). In cases with pro-
gressive involvement of the subtalar and the cal-
caneocuboid joints as well, arthrodesis of all
these joints (triple arthrodesis) is the method of
choice (Vahvanen 1967, Figgie et al. 1993).
Vahvanen (1967) performed 248 triple
arthrodeses in patients with RA with bone
grafting from the iliac crest and staple fixation,
and 8-week cast immobilisation. The follow-up
time was on average 44 months. There were
talonavicular non-unions in 9.3% of the patients
and calcaneocuboid non-unions in 6.5%.
Wound infections or hematomas were present
in 8.2%.
Adam and Ranawat (1976) treated 14 patients
with RA with 16 triple arthrodeses by dowel
bone grafting with or without staple fixation
and cast immobilisation. The follow-up time
was a mean 4 years. One asymptomatic and one
painful pseudoarthrosis of the talonavicular
joint resulted.
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Cracchiolo and co-workers (1990) treated 26
patients (30 feet), of which 20 patients (24
feet) had RA: they used triple arthrodesis with
a dowel graft from the iliac crest with or wit-
hout metallic staple fixation. The patients were
followed for 44.1 months on average. All joints
fused, and 92% of the patients were completely
satisfied with the operation. Four ankle
arthrodeses were performed after the triple
arthrodesis. Delayed wound healing occurred
in 5 patients.
Figgie and co-workers (1993) followed 40
patients (49 procedures) with RA with triple
arthrodeses for 5 years on average. The opera-
tions were performed by use of  local bone
grafts, if needed, and metallic staple fixation.
All but 2 fusions consolidated, and one talona-
vicular non-union needed a re-operation. Of
the patients, 94% obtained significant pain
relief. There were 4 superficial wound infec-
tions, all cured by intravenous and  oral  anti-
biotics, and 2 cases of delayed wound healing.
In 3 patients, ankle arthrodesis was performed
after triple fusion.
Juutilainen and Pätiälä (1995) performed 11
triple arthrodeses in patients with RA by the
technique described in the present study. All
fusions consolidated, and there were no comp-
lications within the follow-up time of 6
months.
Mäenpää et al. (2001a) assessed 307 triple
arthrodeses on 282 patients with RA performed
with local or iliac crest bone grafting and staple
fixation. Solid and painless union was achieved
after 93% of these procedures.
2.9.2.2 Synovectomy of the ankle
In the ankle joint, synovectomy of the joint is
seldom performed, because before the patient
seeks help, the destruction of the joint surfaces
is usually far advanced (Blomqvist et al.
2000). However, if performed in the relatively
early course of the disease, when the joint does
not show surface erosions, satisfactory pain
relief can be achieved by ankle joint synovectomy
(Vahvanen 1968), even in the long term (Akagi
et al. 1997).
2.9.2.3 Arthrodesis of the ankle
Even though wound problems and non-
unions are common worries in arthrodesis of
the ankle, the procedure still remains the most
reliable method for the relief of the ankle pain
in patients with RA (Carrier and Harris 1991,
Braly et al. 1994, Dereymaeker et al. 1998,
Fujimori et al. 1999). Ankle arthrodeses have
been performed by several methods in
patients with RA (Vahvanen 1969, Adam and
Ranawat 1976, Cracchiolo et al. 1992a, Partio
et al. 1992b, Juutilainen and Pätiälä 1995,
Dereymaeker et al. 1998, Fujimori et al. 1998,
Belt et al. 2001b, Mäenpää et al. 2001b), with
results not as encouraging as those of triple
arthrodeses.
Short-term results
Vahvanen (1969) fused 27 ankles in patients
with RA, using 4 different techniques. In 81%
of the arthrodeses, solid union and good or fair
overall results were achieved.
Belt et. al (2001b) fused 19 ankles on 18
patients with RA by the dowel technique or its
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modification originally introduced by Baciu
(1979, 1986). Solid fusion was achieved in
68% of the ankles; the authors did not recom-
mend this technique for arthrodeses of the
ankle in patients with RA. Instead, a fusion
rate of 90% was achieved with internal fixation
of ankle arthrodeses in 130 patients with RA
according to the method introduced by Adams
(1948) (Mäenpää et al. 2001b). Arthroscopic
arthrodesis of the ankle with external or internal
fixation in patients with RA has shown pro-
mising results, but no long-term findings for
these methods have thus far been published
(Dent and Patil 1993, Turan et al.1995).
Long-term results
In long-term studies (follow-up time 5 years or
more), Smith and Wood (1990) treated 11
patients with RA by the Charnley compression
technique (Charnley 1951) and followed the
patients on average for 58 months. For 2
patients, a re-operation due to non-union was
performed, and for one it took 12 months to
achieve bony union. There were 4 metallic pin
track infections.
In a study with 26 patients (30 ankles) with
RA, ankle arthrodeses were performed by
several techniques including derivatives of the
Charnley technique (Charnley 1951) and
techniques with screw fixation and autologous
bone-grafts; these were followed for 5 years.
There were 12 non-unions, of which 6 under-
went re-operation, and 12 wound breakdowns
with infections, but only 4 patients had resi-
dual ankle pain (Moran et al. 1991).
Carrier and Harris (1991) performed ankle
arthrodesis with vertical Steinmann’s pin fixa-
tion in 5 patients with RA. The follow-up time
was 6 years on average. All fusions consolida-
ted, and the patients were satisfied with the
outcome. There was one delayed bony union,
and 2 removal operations of the metallic pins.
Felix and Kitaoka (1998) followed 21 patients
with RA with 26 arthrodeses of the ankle for 5
years on average. External fixation was used in
20 and screw fixation in 6 ankles, with union
achieved in all but one ankle. Two wound
healings were delayed.
2.9.2.4 Arthroplasty of the ankle
Arthroplasty of the ankle at first showed promising
preliminary results (Stauffer and Segal 1981,
Lachiewics et al. 1984, McGuire et al. 1988),
but studies with follow-up intervals of more
than 5 years have been less satisfactory
(loosening or other failure of the implants in
15 to 93% of cases) (Bolton-Maggs et al. 1985,
Unger et al. 1988, Takakura et al. 1990).
Kaukonen and Raunio (1983) performed  28
arthroplasties of the ankle using cemented
prostheses. Within a follow-up of 21 months
on average, the results were satisfactory
concerning pain relief, but radiological and
clinical loosening of 5 prosthesis components
was observed.
In a study with the cemented Mayo total
ankle arthroplasty with a follow-up time of a
mean 9 years (range, 2 to 17 years), the rate of
survival of the prostheses at 5, 10, and 15 years
was 79, 61, and 61%; the authors did not
Review of the Literature
27
recommend this type of  prosthesis (Kitaoka et
al. 1994a).
In 36 patients with RA, 36 ankle arthroplas-
ties were performed by use of cemented con-
axial (Beck-Steffee) ankle prostheses. A 90%
loosening rate existed at 10 years  (Wynn and
Wilde 1992).  A high incidence of superficial
and deep wound infections has also complica-
ted these procedures (Wynn and Wilde 1992,
Bolton-Maggs et al. 1985).
The results of ankle arthroplasties with
prostheses of the second generation are
somewhat more promising: A study with
cemented ankle prostheses showed a 14-year
prostheses survival rate of 75.5% for patients
with RA (Kofoed and Sorensen 1998). For an
uncemented version of this prosthesis with
hydroxyapatite covering (S.T.A.R.) in patients
with RA, primary osteoarthrosis, talus necrosis,
or pseudoarthrosis, an 8-year prosthesis
survival rate was 96% in one study (Kofoed
1999), and in another in patients with primary
osteoarthrosis, post-traumatic osteoarthrosis,
or systemic joint affection, the short- or
mid-term (maximum 4 years) prosthesis survi-
val rate was 100%, but in 37% of patients
local soft tissue or bone revision procedures
were needed (Hintermann and Valderrabano
2001).
2.10 ANATOMY OF THE FOREFOOT
The forefoot consists of the metatarsal bones
and the toes, with articulations of these struc-
tures that are supported by joint capsules and
ligaments. Furthermore, the complex of joints
and the stabilising structures (the joint capsules,
the plantar fascia, and  the posterior tibial
tendon) of the entire foot contribute to the
pathophysiology of the forefoot (Blomqvist et
al. 2000).
2.11 EPIDEMIOLOGY OF
RHEUMATOID FOREFOOT
ARTHRITIS
In RA, metatarsophalangeal (MTP) joints are
the first and the most commonly affected joints
(Isomäki et al. 1988, Paimela 1992). Over 90%
of patients with long-lasting RA have symp-
toms and signs in the forefoot, as shown in pre-
vious cross-sectional studies (Vainio 1956,
Thould and Simon 1966). In an inception
cohort study of 103 patients with seropositive
RA, erosive changes in the MTP joints were
present in 34% of the patients at the onset of
RA, and in 98% of the 68 patients at the
20-year follow-up (Belt et al. 1998b).
2.12 RHEUMATOID CHANGES IN THE
FOREFOOT
Synovitis of the MTP joints without any initial
deformity is the first sign of RA of the fore-
foot. Stretching and destruction of the affected
joint capsules leads to instability, which  is
accelerated by tenosynovitis of the extensor
and the flexor tendons, leading to imbalance
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between the tendons and the intrinsic muscles.
Soft-tissue instability, together with destruc-
tion of the articular cartilages and resorption of
the bone, subsequently cause drawing of the
first metatarsal bone into varus and the great
toe into valgus; consequently the rest of the
toes are drawn into valgus deformation. The
metatarsal bone heads are drawn plantarily and
distally, and the toes dislocate dorsally; down-
ward pressure on the metatarsal heads leads to
tenderness of the plantar fat pad and  to callos-
ities of the skin, and the proximal joints of the
toes contract into hammer deformities (Burra
and Katchis 1998, Blomqvist et al. 2000).
Synovitis of the posterior tibial tendon may
affect the lifting capacity of the foot, and invol-
vement of the hindfoot joints may lead to a pes
planovalgus deformity, which may increase
the valgus deformities of the toes (Blomqvist
et al. 2000).
2.13 TREATMENT OF RHEUMATOID
FOREFOOT ARTHRITIS
2.13.1 Conservative treatment
Conservative treatment of RA of the forefoot
consists of  anti-inflammatory and disease-
modifying medication, and local or systemic
steroidal therapy; fixed deformities of the fore-
feet generally necessitate the wearing of
orthoses or customised shoes (Gould 1982).
2.13.2 Surgical treatment
If the patient does not experience relief from
conservative treatment, and walking ability is
threatened by pain or problems with fitting
shoes, or by callosities causing ulcerating of
the skin, surgical treatment of the forefoot RA
is to be considered (Fowler 1959, Beauchamp
et al. 1984, Mann and Thompson 1984,
Hämäläinen and Raunio 1997).
Various procedures have been introduced to
relieve a painful rheumatoid forefoot destruc-
tion. MTP synovectomies have failed to show
good long-term results (Belt et al. 1998b).
Surgical treatment of the hallux valgus defor-
mity has included resection of the head of the
first metatarsal bone (Clayton 1963, Barton
1973, Craxford et al. 1982, Hughes et al.
1991) or the base of the proximal phalanx of
the great toe (Watson 1974, Vahvanen et al.
1980, Raunio et al. 1987, Hämäläinen and
Raunio 1997), and also arthrodesis
(MacClean and Silver 1981, Beauchamp et al.
1984, Mann and Thompson 1984, Mann and
Schakel 1995, Coughlin 2000), as well
as arthroplasty of the first MTP joint
(Cracchiolo et al. 1992b, Moeckel et
al.1992). A number of modifications of exci-
sion arthro-plasty of the lesser MTP joints to
treat the pain and deformity of these joints
have been described (Fowler 1959, Clayton
1963, Faithful and Savill 1971, Gould 1982,
McGarvey and Johnson 1988), as well as
multiple procedures to treat hammer toe
deformities, such as partial proximal phalan-
gectomy  or resection of the condyles of the
proximal phalanx (Fowler 1959, Peterson
1968) and closed osteoclasis of the joints
(Cracchiolo 1983, Coughlin 2000).
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2.13.2.1 Arthrodesis of the first MTP joint
Beauchamp and co-workers (1983) per-
formed 34 MTP 1 arthrodeses and resection
arthroplasties of the lesser MTP joints on 21
RA patients with fixation of the first MTP
joint with a metallic screw, and 30 resection
arthroplasties of the first MTP joint on 16
patients with RA. In the arthrodesis group there
were 5 non-unions, one requiring a re-opera-
tion, and 7 wound infections. In the resection
arthroplasty group there were 3 wound infec-
tions, 2 amputations of the great toe due to
infection of a callosity, and 2 re-operations to
trim the prominent metatarsal head. Inci-
dence of pain decreased in both groups in all
but one patient, walking distances improved
in all patients, and normal shoe-fitting was
possible in 16 of 21 and 7 of 16 patients in the
arthrodesis and the resection arthroplasty
groups, respectively.
Coughlin (2000) fused 47 MTP 1 joints in
patients with RA using a dorsal metallic plate
and screws as fixation devices. Lesser metatarsal
head excisions with Kirschner wire fixation,
and hammer toe operations, if needed, were
included. All arthrodeses had fused when
evaluated on average 74 (range, 37-108)
months post-operatively; the result was consi-
dered excellent in 32, good in 22, and fair in 2
feet, and signs of hallux interphalangeal osteo-
arthrosis were present in 27. The metallic
implants were removed in 7 patients.
Niskanen et al. (1993) fused 39 MTP 1 joints
using either metallic Kirschner wires or bioab-
sorbable SR-PLLA rods as fixation devices.
There were 5 non-unions in the bioabsorbable
fixation group and 2 in the metallic fixation
group by 9 to 12 months. The metallic wires
had to be removed in 3 patients
2.13.2.2 Arthroplasty of the first MTP joint
Silicone arthroplasty of the first MTP joint has
shown relatively good results (Cracchiolo et al.
1992b, Moeckel et al. 1992), but, in particular,
together with resection arthroplasty of the lesser
MTP joints, breakage of the silicone implant
has become problematic (Kampner 1984).
Moreover, these implants may cause silicone
synovitis, and migration of the silicone micro-
particles causes lymphadenopathy (Sammarco
and Tabakowski 1992). No long-term results
on the use of titanium-cobalt chromium-poly-
ethylene two-piece first MTP joint prostheses
are available, but loosening and fatigue frac-
tures have accompanied the use of these pros-
theses (Schweitzer et al. 1995).
2.14 RADIOGRAPHIC SCORING
METHODS IN RA
Several scoring methods have been intro-
duced to assess radiographically the severity
of rheumatoid changes in joints; of these, two
are commonly used (Scott et al. 1997): The
Sharp method, in which a total of 23 joints in
the hands and wrists are graded by erosions
and narrowing of the joint spaces (Sharp et al.
1985, Sharp 1989, Sharp et al. 1991), and the
Larsen method, in which standard reference
films of individual joints are used to assess
the severity of the rheumatoid changes (Larsen
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1974, Larsen et al. 1977, Larsen and Thoen
1987, Larsen 1995). This method is mostly
used in assessing the joints of the hands,
wrists, and feet. The original Larsen classifi-
cation (1977) graded rheumatoid changes as
follows. Grade 0: Normal conditions. Grade
1: Slight abnormality with one or more of the
following lesions present: periarticular soft-
tissue swelling, osteoporosis and slight joint-
space narrowing. Grade 2: Definite early ab-
normality with erosion (obligatory except in
weight-bearing joints) and joint-space nar-
rowing. Grade 3: Medium destructive abnor-
mality with erosion (obligatory in all joints)
and joint-space narrowing. Grade 4: Severe
destructive abnormality with erosion and
joint-space narrowing, bone deformation
present in weight-bearing bones. Grade 5:
Mutilating abnormality with disappearance of
the original articular surfaces. Dislocation
and bony ankylosis are not considered in this
grading. In a more recent modification of the
Larsen classification (Larsen 1995), Grades 1
and 2 have been defined  to show erosions of
<1 mm (Grade 1) or >1 mm (Grade 2) in
diameter, and the wrist has been divided into
quarters.
The  intraobserver reliability of both the
Sharp and Larsen methods has been found sa-
tisfactory (Guth et al. 1995). The Sharp met-
hod has been reported more sensitive to chan-
ges over time (Cuchacovich et al. 1992, Plant
et al. 1994), but the two methods have also
been evaluated as highly comparable (Pincus
et al. 1995).
2.15 FIXATION OF ANKLE
FRACTURES
Dislocated ankle fractures are commonly treat-
ed with open reduction and internal fixation to
achieve the best possible functional result
(Klossner 1962, Yde and Kristensen 1980,
Tunturi et al. 1983, Lindsjö 1985, Phillips  et
al. 1985).
2.15.1 Rigid and semi-rigid fixation
Metallic plates and screws have been widely
used as internal fixation devices; such metallic
devices offer sufficient mechanical strength for
reliable cancellous bone fixation, but the dis-
advantages of a rigid metallic plate fixation are
thinning and porosity, loss of mineral content
and density, and loss of the strength properties
of the bone under the metallic plate (Uhthoff
and Dubuc 1971, Akeson et al. 1976, Tonino et
al. 1976, Paavolainen et al. 1978 ). Removal of
an internal fixation plate, leaving behind a
weakened bone, has led to refractures (Hidaka
and Gustilo 1984, DeLuca et al. 1987). Os-
teoporosis under a metallic plate may be a
transient phenomenon when the plate is left in
place for a sufficient time (Cordey et al. 1985,
Rosson et al. 1991), but this time is difficult to
set. Moreover, when the metal is left in the
tissue for years, the release of ions by corro-
sion has been shown to lead to tissue reactions
(French et al. 1984). These unwanted effects of
rigid plate fixation in trauma surgery led to
development of semi-rigid plates such as
carbon-fibre- (Tayton et al. 1982) and glass-
fibre-reinforced epoxy plates (Terjesen and
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Apalset 1988), and carbon-fibre-reinforced
carbon plates (Claes 1989), but these have failed
to reach clinical use, being expensive and diffi-
cult to contour along the shape of the bones.
Besides, even semi-rigid fixation may cause
some weakening of the bone (Claes 1989).
2.15.2 Bioabsorbable fixation
An ideal implant for bone fixation would be
one losing its initially high mechanical
strength, gradually transferring the load to the
healing bone, and after bone healing has oc-
curred, biodegrading with good tissue toler-
ance, i.e. biocompatibility. Theoretically and
according to experimental studies, certain bio-
absorbable implants may fullfil these de-
mands.
Bioabsorbable fixation has been used in ank-
le fracture surgery since 1984 (Rokkanen et al.
1985, Böstman et al. 1987, Hirvensalo 1989,
Ahl et al. 1994, Partio 1992, Partio et al.
1992a, Bucholz et al. 1994, Böstman et al.
1995, Eitenmüller et al. 1996). In these studies,
the implant material has been PGA, PLLA, or
a co-polymer of these two materials (PGA/
PLA). The initial mechanical strength of PGA
is higher than that of PLLA, PLLA showing
only modest mechanical strength properties
(Törmälä 1992), but with manufacturing
techniques such as melt-moulding and injection-
moulding, moderate mechanical strength
values (Vert et al. 1981, Pohjonen et al 1988),
and with self-reinforcing techniques such as
sintering and fibrillation methods, high values
can be achieved (Vainionpää et al. 1987, Tör-
mälä 1992). SR-PGA loses its mechanical
strength in 4 to 8 weeks (Törmälä et al. 1991),
and SR-PLLA  in 36 weeks (Majola et al.
1992a). SR-PGA/PLA implants have been
used in ankle fracture surgery since 1984,
PGA implants since 1985, and PLLA implants
since 1988. As there is no appropriate bio-
absorbale plate for malleolar fracture fixation
in clinical use, fractures suitable for screw,
plug, or rod fixation, including severe ankle
fractures (Hirvensalo 1989), have been treated
with excellent bony healing with SR-PGA
implants (Böstman et al. 1987, Hirvensalo
1989, Partio et al. 1992a) and SR-PLLA
implants (Partio 1992, Pihlajamäki et al.
1994a). Although fluid accumulations and
sinus formation as foreign-body inflammatory
reactions have complicated the post-operative
course in patients with PGA implant fixation
(Hirvensalo 1989, Böstman et al. 1990, Böst-
man et al. 1992, Casteleyn et al. 1992, Ahl
et al. 1994), this is extremely rare with
SR-PLLA-screw fixation.
2.15.3 Long-term results of fixation of
ankle fractures
Evaluations of the long-term outcome of pa-
tients with dislocated ankle fractures with
open reduction and internal fixation are rare;
with bioabsorbable fixation, none exist.
Stiehl and Schwartz (1990) reported the re-
sults of 15 surgically treated ankle fractures on
average 70.8 months post-operatively. These
fractures were of pronation external-rotation
type IV in the Lauge-Hansen system (Lauge-
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Hansen 1950) and were treated by open reduc-
tion and internal fixation with metallic plates
and screws. Anatomical reduction and bony
union were achieved in all ankles. Mild osteo-
arthritic changes occurred in 7 and moderate
ones in one ankle. The best clinical results
were achieved in men under 40 years of age.
Lindsjö (1985) reported a 6-year follow-up
study of 306 dislocated ankle fractures (disloca-
ted A and B type fractures in 255 patients, and C
type fractures in 51 patients according to the
AO/ASIF classification) all treated surgically
with metallic implant fixation. In 90% of the in-
ternal fixations, the reduction was exact. There
were two pseudoarthroses. Functional results
were good in 82% of patients, acceptable in 8%,
and poor in 10%. Post-traumatic arthritis occurred
in 14% of the patients and showed a strong
correlation with the poor functional results. The
wound problem rate was 5% (1.8% infection,
3.2% wound margin necrosis).
2.16 POLYLACTIDES
2.16.1 Chemical properties of lactic acid
Monomeric lactic acid  belongs to the group of
alpha-hydroxy acids; lactide is its cyclic di-
ester form. Lactide has two enatiomeric forms,
L and D, with opposite configurational struc-
tures but similar intrinsic chemical properties
and exists as 4 diastereoisomers: L-lactide, D-
lactide, DL-isomer (meso-lactide), and DL-
lactide  (racemic lactide) ( Vert et al. 1984)
(Figure 1).
L-lactide is active in the normal carbohydrate
metabolism of human tissues, especially of the
muscles (Cori 1931). Constant plasma levels
of D-lactate in human blood (Brandt et al.
1980, 1982) and cerebrospinal fluid (Okubo et
al. 2000) are normally low, originating from
dietary intake and from colonic bacterial
fermentation (Vella and Farrugia 1998).
2.16.2 Synthesis of PLA
PLA is a polymer with a melting temperature
of 174 to 184°C and a glass transition tempera-
ture of  57 to 58°C, with molecular weights
(MW) over 100 000 daltons (Vert et al. 1981,
Jamshidi 1984, Hollinger and Battistone
1986). It can be synthesised from lactic acid by
a simple step-growth polymerisation (Higgins
1954), but the resulting polymers are of low
MW. The most efficient method to produce
high MW polylactide is the ring-opening poly-
merisation method (Lowe 1954, Schneider
1955, Jamshdi 1984 ), in which the polymer is
Figure 1. Four stereoisomers of lactide.
1) L-lactide contains two L-monomers,
2) D-lactide two D-monomers, 3) meso-lactide one
D- and one L-monomer, and 4) racemic lactide one
D-dimer and one L-dimer (Vert et al. 1984).
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formed in the presence of an antimony, zinc,
lead, or tin catalyst (Vert et al. 1984) from the
cyclic lactide diester.
MWs of hundreds of thousands of daltons
are reached with the ring-opening polymerisa-
tion technique (Leenslaag and Pennings 1987,
Hyon et al. 1997). The resulting PLLA is a
highly crystalline polymer, whereas PDLA
and stereo co-polymers with a molar ratio of
L/D less than 87.5/12.5 are intrinsically amor-
phous (Vert et al. 1984).
2.16.3 Manufacture of  PLA implants
Various methods of traditional plastic technol-
ogy, such as extrusion and compression or in-
jection moulding, can be used to manufacture
macroscopic implants of PLA. However, with
these techniques, in the case of crystallizible
polymers, only a partially crystalline structure
can be produced, with the crystalline lamellae
and amorphous domains in no macroscopical-
ly preferred orientation, (Vert et al. 1981,
Törmälä 1992). The resulting implants show
only moderate-level mechanical properties in-
ferior to those of cortical bone (Table 1). It has
been suggested that for safe fixation of the
bone, implant strength should exceed the
strength values of the cortical bone (Törmälä
et al. 1998).
To achieve more superior mechanical pro-
perties of bioabsorbable implants, the Törmälä
group (1987) introduced the method of self-
reinforcement, during which, part of the
microstructure of the polymer is transformed
into oriented reinforcement elements such as
groups of oriented polymer chains forming
morphological structures such as microfibrils,
macrofibrils, fibres, extended-chain crystals,
or shish-kebab crystals. The self-reinforced
structure of a polymer such as PLLA or
PL(DL/L)A can be reached by the methods of
Table 1. Mechanical properties of various polylactides and the cortical bone.
Material Bending strength (MPa) Shear strength (MPa) Bending modulus (GPa)
PLLA, non-reinforced 113-145, ref. 1, 2, 3 53-57, ref. 2, 3 3.6-5, ref. 1, 3, 4
PLLA, self-reinforced 200-271, ref. 3, 5, 6 94-146, ref. 3, 5, 6 7.0-7.6, ref. 3, 6
P(L/DL)LA, non-reinforced 117-136, ref. 3, 7 47-55, ref. 3 3.8-4.2, ref. 3
P(L/DL)LA, self-reinforced 163-214, ref. 3, 5, 8 102-151, ref. 3, 5, 8 6.0-7.5, ref. 3, 8
Cortical  bone 180-195, ref. 9 68, ref. 10 9.5-11, ref. 9
PLLA=poly-levo-lactic acid, P(L/DL)LA=a copolymer of poly-levo- and racemic lactic acid, MPa=
mega pascal, GPa= giga pascal. References (ref.): 1=Gerlach and Eitenmüller 1987, 2=Pohjonen et al.
1988, 3=Pohjonen and Törmälä 1996, 4=Bos et al. 1989a, 5=Majola et al. 1992a, 6=Suuronen
1992,7=Claes et al. 1996, 8=Joukainen et al. 2000, 9=Tonino et al. 1976, 10=Reilly and Burstein
1975. Figure ranges are related to data in references cited in the table.
    L/D ratio 85/15-98/2,    L/D ratio 80/20-98/2.
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sintering (Törmälä et al. 1991) or of fibrillation
(Törmälä 1992, Törmälä et al. 1998) of the
polymer. In the sintering technique, by sinte-
ring or partially melting or both of polymer
fibres and consolidation of the form under
elevated pressure with careful control of the
temperature profile, a self-reinforced structure
is achieved with strong fibres embedded in a
polymeric matrix (Törmälä et al. 1991). In the
fibrillation self-reinforcement technique, a
melt-moulded partially crystalline or totally
amorphous polymer sample is transformed into
a highly oriented fibrillar structure by mechanical
deformation of the sample by solid-state defor-
mation techniques such as die drawing, oven
drawing, zone drawing, zone annealing, ram
extrusion, hydrostatic extrusion, or rolling
(Törmälä 1992, Törmälä et al. 1998).
The mechanical properties of some self-
reinforced polylactides are seen in Table 1.
After the self-reinforcement procedure,
implants such as wires, pins, rods, tacks,
arrows, plugs, plates, and screws can be manu-
factured from a polymer billet by compression-
moulding or machining (Pohjonen et al. 1997,
Rokkanen  1998).
2.16.4 Degradation of PLA
2.16.4.1 Mechanisms of PLA degradation
At the molecular level, PLA is degraded mostly
by simple hydrolysis in the presence of water
(Miller et al. 1977, Williams 1979, Gilding
1981). Several non-hydrolytic enzymes such
as pronase, proteinase K, bromelain, ficin,
esterase, and trypsin may have some effects on
degradation of  PLA, as well (Williams 1981).
2.16.4.2 Factors affecting polymer
degradation
The reported degradation rates of PLA in the
literature vary considerably, and account for
differences in properties of these polymers.
Indeed, multiple factors influence the degrada-
tion of a biodegradable polymer in vivo and in
vitro (Vert et al. 1992).
Chemical properties of the polymer
Among the poly-alpha-hydroxy polymers, the
fact that PGA contains no methyl groups
makes it hydrophilic and susceptible to hydro-
lysis (Hollinger and Battistone 1986 ), whereas
methyl group-containing PLA is hydrophobic
and less susceptible to hydrolysis, thus degrad-
ing more slowly. Within PLA compounds,
PLA which contains D-dimers degrades more
rapidly than pure PLLA (Kulkarni et al. 1971,
Gilding 1981, Vert et al. 1984, Pohjonen and
Törmälä 1996).
MW and purity of the polymer
For PLA with a low initial MW (Vert et al.
1981) or a low degree of purity (high content
of low MW components) degradation is more
rapid than for PLA with a high MW or purity
(Nakamura et al. 1989, Zhang et al. 1994).
Microstructure of the polymer
A highly crystalline polymer, in which the
monomers are densely packed, is much less
susceptible to hydrolysis of the bonds between
the monomers than is an amorphous polymer
with its  monomers more loosely packed
(Gilding 1981, Vert et al. 1984).
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Size and shape of the implant
Biodegradable implants of large size degrade
more slowly than do smaller implants
(Hollinger and Battistone 1986), and the more
multi-edged the shape of the implant, the
greater the tissue response (Matlaga et al.
1976).
Surface morphology
Porous surface morphology enhances the
tissue reaction to an implant and may affect its
rate of degradation, due to the fact that when
the surface area of a polymer increases per unit
volume, the opportunity for hydrolytic scission
increases (Hollinger and Battistone 1986, Lam
et al. 1995).
Manufacturing and sterilising methods
Manufacturing methods such as self-reinforce-
ment of a polymer contribute to retention of its
mechanical properties (Törmälä et al. 1998).
Low-temperature sterilisation under a vacuum
or a dry inert gas or both causes  less reduction
in the MW and mechanical properties of
PLLA, PLDA and P(L/DL)LA implants
(Gogolewski and Mainil-Varlet 1996, 1997)
than do routinely used sterilisation methods of
biodegradable implants such as high-energy
irradiation, the low temperature-cycle ethylene
oxide process, and steam and standard heat
treatments, which cause more or less extensive
degradation or plastic deformation or both
(Gogolewski and Mainil-Varlet 1996, 1997).
Site of implantation
The site of implantation of a biodegradable
implant has an impact on its degradation;
usually degradation is faster in bone tissue
than in soft tissue, reflecting differences most
probably in vascularity (Vasenius et al. 1990).
That loss of the mechanical properties of
PLLA implants has been more rapid in vivo
than in vitro (Leenslaag et al. 1987, Bos et al.
1989a, Matsusue et al. 1992, Pohjonen et al.
1997), may be attributed to the role of non-
hydrolytic enzymes in the degradation process,
and the role of the mechanical load in vivo,
both accelerating loss of the implant strength
(Christel et al. 1981, Leenslaag et al. 1987).
2.16.4.3 The first phase of degradation of PLA
Degradation of a bioabsorbable polymer in the
tissues is a two-phase process. In the first phase,
the water molecules hydrolytically attack the
chemical bonds of a polymer, contributing to
loss of MW and of mechanical properties
(Pietrzak  et al. 1997). Loss of MW of PLLA
begins first, and regardless of considerable loss
of MW, the mechanical properties of the im-
plant can be temporarily preserved (Nakamura
et al. 1989, Matsusue et al. 1992, Pohjonen et al.
1997). Due to the fact that the amorphous
regions of the implants are degraded first
(Christel et al. 1981, Vert et al. 1981, Leenslaag
et al. 1987), and that the partly degraded tie-
chain segments re-crystallise (Leenslaag et al.
1987), the proportional crystallinity of the
implant during the degradation process increases
(Pohjonen et al. 1997, Suuronen et al. 1998).
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In vitro studies
In a study of Pohjonen and Törmälä (1994),
the MW of the PLLA (initially 660 000 dal-
tons), dropped to 50 000± 8 000 daltons during
the manufacturing and the sterilising processes
into SR-PLLA rods, then in an aqueous medi-
um at 37°C for 400 days the MW dropped to 8
000 daltons. The bending strength of
SR-PLLA screws with MW 43 700 to 61 500
daltons was degraded from 190 to 244 MPa to
126.2 to 177.6 MPa and the shear strength
from 147 to 156 MPa to 143 to 147 MPa  in 26
weeks (Pohjonen et al. 1997).
The MW of 47 500 daltons of injection-moulded
PLLA pins dropped to 8 900 daltons in 52
weeks, and that of P(L/DL)LA 95:5 dropped
from 11 900 to 4 400 daltons. The PLLA pins
retained their initial bending strength of 141
MPa and shear strength of 57 MPa for 12
weeks, after which they were degraded to near
zero by 52 weeks. The P(L/DL)LA 95:5 pins
maintained 40% of their initial bending strength
of 147 MPa and their shear strength of 55 MPa
for 12 weeks, and 10% for 36 weeks (Mainil-
Varlet et al. 1997a). For injection-moulded pins
made of 70% PLLA and 30% PDLLA of MW
164 000 to 183 000 daltons, mechanical properties
were preserved longer: the initial bending
strength of the pins, 118 MPa, remained at a
fairly constant level for 36 weeks, after which a
steady decrease in their bending strength to near
zero occurred by 78 weeks (Claes et al. 1996).
The initial MW of SR-P(L/DL)LA 92:8 rods
of 54 000 daltons dropped to 23 000 daltons in
24 weeks in vitro (Saikku-Bäckström et al.
1999), during which time the mechanical va-
lues showed only a slight decrease.
When rods made of self-reinforced or non-
reinforced PLLA, P(L/DL)LA 92:8, and
P(L/DL)LA 70:30 were incubated at 37ºC, the
self-reinforced rods retained their mechanical
properties longer than did the non-reinforced
rods. The self-reinforced rods showed a steady
decreasing pattern in their mean bending
strength from 20 weeks on, the bending
strength of SR-P(L/DL)LA 70:30 (160 MPa)
appearing near zero at 42 to 48 weeks,  and of
SR-P(L/DL)LA 92:8 (210 MPa) at 60 weeks,
whereas the bending strength of the SR-PLLA
rods (240 MPa) remained at 30 MPa at 90
weeks (Pohjonen and Törmälä 1996).
In vivo studies
When machine-cut and compression-moulded
SR-PLLA screws were implanted in the back
muscles of rabbits, MW loss was from 56 300
to 61 650 daltons  to 12 050 to 14 700 daltons
of the machine-cut SR-PLLA screws and from
43 700 to 51 050 daltons to 13 700 to 11 450
daltons of the compression-moulded screws in
26 weeks. The bending strength of the
machine-cut screws degraded  from 220 to 223
MPa to 77 to 100 MPa and the shear strength
from 149 MPa to 7 to 29 MPa, and those of the
compression-moulded screws from 140 to 178
MPa to 29 to 31 MPa, and from 161 to 170
MPa to 30 to 42 MPa  in 26 weeks (Pohjonen
et al. 1997). A similar kind of pattern of the
degradation of the mechanical properties of
SR-PLLA implants has appeared in other
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experimental studies (Majola et al. 1992a,
Suuronen et al. 1992a).
When injection-moulded pins made of
PLLA, P(L/D)LA 95:5, or P(L/DL)LA 95:5
were implanted in the cortex of the tibiae of
sheep, the MWs of the implants declined from
52 900, 51 000, and 38 300 daltons, to a res-
pective 18 300, 2 500, and 10 600 daltons in 12
weeks, and to 8 100, 1 150, and 7 000 daltons
in 52 weeks (Mainil-Varlet et al. 1997b). Injec-
tion-moulded PLLA pins implanted in the soft
tissue in sheep showed a degradation in their
bending strength from 141 MPa to 87 MPa in 6
months and to 52 MPa in 12 months, and in the
shear strength from 57 MPa to 20 MPa in 12
months (Mainil-Varlet et al. 1997a).
SR-P(L/DL)LA 92:8 rods implanted intra-
medullarily in osteotomised rabbit femora
showed a drop in MW from 65 600 to 17 200
daltons in 24 weeks and to 750 daltons in 92
weeks (Saikku-Bäckström et al. 2001). When
Joukainen et al. (2000) implanted SR-
P(L/DL)LA 70:30 rods in the subcutaneous
tissue of rats, the initial shear strength of the
rods was 120.9±1.5 MPa and bending strength
214.1±4.2 MPa; at 52 weeks, the shear
strength showed a decline  to 41% and bending
strength to 43% of initial values.
2.16.4.4 Early tissue responses to PLA
Experimental studies on the tissue-implant
interface of PLA have shown that after the
primary, quite variable, response to the trauma
caused by the surgery itself and the mild
foreign-body reaction to the implant, a phase
of restoration of the tissues, connective tissue
or bone, around the implant ensues.
Implants made of injection-moulded PLLA
of 3 different MWs, 187 000, 95 000, and
34 000 daltons, were inserted subcutaneously
into mice. As a result, a connective tissue cap-
sule with macrophages, lymphocytes, foreign-
body giant cells, and mast cells grew around
the implant. The cellularity presented at its
highest at one month after implantation and
then gradually decreased by 6 months, and
accordingly, the thickness of the capsule
decreased (Gogolewski et al. 1993).
In a study with  oriented PLLA-screw fixation
of distal femoral condyle fractures in dogs, 1 to
2, and 4 to 6 months after surgery, bone forma-
tion occurred between the screw heads. A
slight infiltration of macrophages and giant
cells occurred at 1 to 2 months, but at 4 to 6
months this was barely noticable (Hara et al.
1994).
In a study with fixation of osteotomies of
distal rabbit femora with SR-PLLA plugs
made of PLLA (raw-material MW 664 000
daltons), some fibrous tissue formation - but
not a complete fibrous capsule - was assessed
by 12 weeks after implantation. The new bone
formation around the implants reached its
maximum at 3 weeks. No inflammatory cells
were detectable (Pihlajamäki et al. 1994c).
Kallela and co-workers (1999a) implanted
screws made of SR-P(L/DL)LA 70:30 (MW
42 000 daltons) to fix mandibular body osteo-
tomies in sheep. A fibrous capsule with
macrophages and lymphocytes and new bone
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formation was evident around the implants at
3 and 12 weeks, after which at 24 weeks the
fibrous capsule had become thinner, with
fewer macrophages and lymphocytes. SR-
P(L/DL)LA 70:30 rods can also be used to fix
osteotomies of  the distal femora in rats. His-
tologically, a thin granulation tissue capsule
appeared around the implants from 3 weeks
on, and according to histomorphometric and
oxytetracyclin (OTC) fluorescence analyses,
new bone formation around the implants was
most vigorous at 6 to 12 weeks after implan-
tation. At 52 weeks, prominent internal callus
encircled the implants (Joukainen et al.
2000).
2.16.4.5 The second phase of degradation of
PLA
In the second phase of the degradation, the
mass of the implant is lost. This loss starts after
months of degradation (Leenslaag et al. 1987,
Bos et al. 1991).  Mass loss measurements
have been criticised as inaccurate tools in anal-
ysis of degradation of bioabsorbable polymers,
due to the difficulties in their complete recov-
ery from tissues, and their uptake of liquids
(Mainil-Varlet et al. 1997a). However, a few
studies involve mass loss analysis.
In vitro, mass loss of SR-PLLA plates (MW
49 800) of 52 ±8% occurred in 5 years, while
for a similar kind of plate implanted on the
mandible of a sheep, only microscopic debris
of the polymer was left at 5 years (Suuronen et
al. 1998).
Li and McCarthy (1999) incubated compres-
sion-moulded plates made of P(L/D)LA 25:75
at 37ºC in an aqueous medium, and observed
<3% of mass loss during the first 70 days;
between 70 and 84 days, however, the mass
loss shot up to 87%, but thereafter, mass loss
increased only slowly, reaching 93% at the end
of 126 days.
On plates made of microporous PLLA  (MW
900 000 daltons) implanted in the subcutis of
rats, mass loss was noticed from week 26 on
and was 14% at week 80 (Bos et al. 1991).
2.16.4.6 Late tissue responses to PLA
In the final decomposing of bioabsorbable
polymer material in the tissues, the phago-
cytising cells (macrophages and multi-nuclear
foreign-body giant cells) seem to play an
important role (Pietrzak et al. 1997).  After
participating in the primary response to the
acute trauma,  the phagocytes seem to “rest”
until extracellular enzymes hydrolyse the
polymer particles into a size suitable for
phagocytosis. It has been suggested that
phagocytosis of PLA particles by the
macrophages starts at a particle size of 10 to 80
um (Woodward 1985) and at a MW of 5 000
daltons (Blasier et al.1997).
Experimental studies
Long-term studies with follow-up times suffi-
ciently long to demonstrate the late degrada-
tion pattern of PLA appear rarely in the litera-
ture due to the long-lasting degradation in par-
ticular of the L-lactide implants, and the limited
life span of the laboratory animals.
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When PLLA plates (MW 210 000 daltons)
were implanted on sheep tibiae, macrophages
and foreign body giant cells were obvious
from one year on. At 3 years, the plates started
showing histological degradation at their
periphery, and at 4 years, the cores were frag-
mented (Christel et al. 1984).
In a study in rats with microporous PLLA
(raw-material MW 900 000 daltons) plates
implanted subcutaneously, a connective tissue
capsule developed around the implant gradually
during the 12 weeks after implantation. Bet-
ween 1 and 2 weeks post-implantation, a layer
of macrophages appeared between the implant
and the connective tissue capsule, but during
the period from 2 to 12 weeks, these cells
disappeared. Between 12 and 104 weeks, the
connective tissue capsule became thinner, but
between 104 and 143 weeks it again thickened,
foamy macrophages appeared on the implant
surface, and implant-derived particles were
detectable between the macrophages (Bos et
al. 1991).
Pre-graded particles (<500 um) made of
PLLA (MW 720 000 daltons) were implanted
in the subcutis  of rats (Rozema et al. 1994),
and pre-graded particles of PLLA (MW 2000
daltons) and of P(L/DL)LA 92:8 (MW 300
daltons) were implanted in the tibias of rabbits
(Bergsma et al. 1996) to simulate the late
degradation of the polymer; invasion of
macrophages, fibrocytes, and foreign-body
giant cells, and internalisation of single  polymer
particles and conglomerations of  polymer
particles occurred.
When drawn PLLA rods (MW 220 000 dal-
tons) were inserted subcutaneously or intra-
medullarily into rabbit femora, by 24 weeks, a
subcutaneously fibrous and intramedullarily
bony capsule were found macroscopically
around them. In the histologic sections, bet-
ween 18 and 24 months of  follow-up,
macrophages had invaded the rod surfaces, and
in both groups most of the polymer remained.
Between 24 and 42 months, inside the bone the
histologic picture remained quite similar, with
the exception of numerous internalised polymer
particles. At 62 months, only a small number
of residual macrophages were detectable, and
the polymer had been absorbed almost comple-
tely from the medullar cavity. Subcutaneously,
at 48 months a layer of macrophages was
detected, but no residual polymer ( Matsusue
et al. 1995).
When Jukkala-Partio and co-workers (2001)
inserted lag screws made of SR-PLLA in the
femoral necks of sheep, at 2 years, the frag-
mented polymer was surrounded by connective
tissue. At 3 years the further degraded implant
material was surrounded by connective tissue,
lymphocytes, and macrophages, and at 5 years,
the implant had been totally absorbed, and
there was incomplete bone ingrowth in the
screw area.
 In a study with plates made of compression-
moulded PDLLA implanted in the back
muscles of rabbits, complete resorption of the
polymer was visible in 360 days, with a
preceding internalisation of polymer particles
by the phagocytising cells. At 360 days,
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complete restoration of the muscle tissue
occurred without scar formation (Nakamura
et al. 1989).
In another experiment, a connective tissue
capsule with a small number of giant cells and
foamy macrophages surrounded intramedulla-
rily implanted P(L/DL)LA 92:8 rods in rabbit
femora. As the degradation of the implant
slowly proceeded, the implant disintegrated,
and at the final follow-up at 3 years, the
macrophages had phagocytised the polymer
debris, leaving only small islets of the polymer
(Saikku-Bäckström et al. 2001).
Clinical studies
In human beings, the availability of histologic
samples to determine late tissue responses
and the time of the ultimate degrading of
PLLA implants in the tissues is limited to cases
with a need for a re-operation for some reason
other than the research itself. As the biocom-
patibility of PLLA is good, these cases are
rare. According to the scarce reports (Bucholz
et al. 1994, Bergsma et al. 1995,  Böstman et
al. 1995, Böstman and Pihlajamäki 1998),
tissue responses seem to follow a pattern in
humans similar to that noticed in experimental
studies.
In a sample taken from a palpable  soft
tissue mass over a single, mostly intraosseous
SR-PLLA screw for lateral malleolar fracture
fixation 56 months after implantation,
microscopy and immunohistochemistry
revealed a non-specific foreign body reaction
with macrophages and multi-nucleated
foreign-body giant cells and an abundance of
PLLA particles (Böstman and Pihajamäki
1998).
Samples were taken from 7 of  9 patients
with late swelling of the implantation site 3
years, 4 months to 5 years, 8 months after
implantation of an extraosseous as-polymeri-
sed PLLA plate and screws for unstable dislo-
cated zygomatic fractures. These samples
showed, in transmission electron microscopy
(TEM), a foreign-body tissue reaction and
phagocytised PLLA fragments inside
macrophages and multi-nucleated foreign-
body giant cells, as well as minimal signs of
cellular damage to phagocytic cells (Bergsma
et al. 1995).
Bucholz and associates (1994) treated 155
displaced ankle fractures with either orientruded
PLLA screws (83 patients) or stainless-steel
screws (72) for fixation of medial malleolus
fractures. The mean follow-up time was 37
months. One patient of the 83 noted a palpable
mass over the tip of the medial malleolus
15 months after fixation of the medial
malleolus fracture with two PLLA screws.
This mass was excised, and the histologic
examination revealed fragmented polymer
material, fibrous and granulation tissue, and
abundant macrophages.
Böstman et al. (1995) followed 51 patients
with ankle fractures with SR-PLLA screw
fixation for 37 to 69 months (mean, 52
months). In 3 patients a disturbing palpable
screw head was removed 15, 40, and 45
months after the initial operations, and histologic
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examination of each revealed a picture typical
of a non-specific foreign-body reaction.
In addition to invasive removal operations,
the degradation pattern of SR-PLLA implants
has been evaluated by means of MRI, which
evidently does not reflect the decomposition
of PLLA crystals by the tissues, but the dis-
appearance of the mass of an implant. Two
studies with MRI evaluation (Pihlajamäki et
al. 1997a, Pihlajamäki et al. 1997b) have
shown confusing results; the SR-PLLA plugs
implanted for ankle fractures and Bristow-
Laterjet operations due to shoulder instability
appeared unchanged up to 51 months post-
operatively. However, in an MRI evaluation 6
months to 7.66 years postoperatively with
drawn PLLA implant fixation for bone graf-
ting, peri- and intra-articular fractures, and
osteotomies, degradation of the implants and
gradual filling of the implant channels with
connective or granulation tissue was reported
to have developed  36 months after the pro-
cedures (Matsusue et al. 1997). In a study of
ankle fractures with SR-PLLA-implant fixation,
CT scans were obtained one year after fractu-
re fixation for 6 patients and 4 years in 12
patients; the contents of the channels showed
attention values of a mean 199 (range, 131-
282) and mean 36 (range, 32-106) Hounsfield
units (HU), respectively, reflecting the gra-
dual degradation of the implants. However,
due to the short follow-up time of the study, it
was impossible to demonstrate the ultimate
duration of this decrease in attenuation values
(Böstman et al. 1995).
2.16.4.7 Degradation of PLA monomers
In vivo, at molecular level, PLA monomers are
de-esterified to lactate. L-lactate is oxidised to
pyruvate by lactate dehydrogenase. Human
beings lack D-lactate dehydrogenase, but
D-lactate can be metabolised to pyruvate by
D-2-hydroxyacid dehydrogenase, which is an
intramitochondrial flavoprotein of widespread
distribution in mammals, with high activity in
the kidney cortex and liver (Vella and Farrugia
1998) (Figure 2). Estimates from total body
clearance rates suggest that the L-isomer is
metabolised at 5 times the rate of the D-isomer
(Connor et al. 1983, De Vrese et al. 1990).
Figure 2.
Degradation of PLA monomers.
D-2-HDH=D-2 hydroxy dehydrogenase,
PDH= pyruvate dehydrogenase, LDH=lactate
dehydrogenase, Acetyl CoA= acetyl coenzyme A
(Vella and Farrugia 1998).
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Pyruvate  is then decarboxylated into acetyl
coenzyme-A by pyruvate dehydrogenase.
Acetyl coenzyme-A is  ultimately degraded
in the citric acid cycle to form energy,
carboxy acid, and water (Kulkarni et al 1966,
Hollinger and Battistone 1986) (Figure 2.).
The resulting carboxy acid and water are
excreted mainly via respiration (Kulkarni et
al. 1966, Brady et al. 1973, Miller et al. 1977)
and, to a small extent, via urine and
faeces (Brin 1965, Tubbs 1965, Brady et al.
1973, De Vrese et al. 1990).
2.16.5 Biocompatibility
In vitro, in cell-culture evaluations, van Sliedregt
and co-workers (1992, 1993) suggested the
good biocompatibility of 4 compounds of PLA
and, accordingly, Ignatius and Claes (1996)
found the biocompatibility of P(L/DL)LA
70:30 in cell culture systems satisfactory, with
only a high concentration of  the degradation
products showing toxicity to cell culture
systems.
In experimental animals, manifest tissue
reactions with detectable symptoms such as
late swelling around biodegradable implants
have been very rare (Böstman 2000). In
rodents, however, occasional tumorigenity of
PLLA implants has been observed (Pistner et
al. 1993) and is attributed to the Oppenheimer
phenomenon - the tendency of rodents to develop
sarcomatous  lesions around foreign-body ma-
terial in long-term follow-ups (Oppenheimer
et al. 1955, 1958). This by no means applies to
human patients.
PLLA implants have shown good biocompa-
tibility in a score of clinical short-term studies
in orthopaedics and traumatology (Partio
1992, Partio et al. 1992a, Partio et al. 1992b,
Pihlajamäki et al. 1992, Nakamura et al. 1993,
Niskanen et al. 1993, Pihlajamäki et al. 1994a,
Pihlajamäki et al. 1994b, Yamamuro et al.
1994, Juutilainen et al. 1995,  Juutilainen and
Pätiälä 1995, Juutilainen et al. 1996,  Matsusue
et al. 1996, Barca and Busa 1997, Tuompo et
al. 1997, Burns and Varin 1998, Jukkala-Partio
et al. 1998, Tuompo et al. 1999a, Tuompo et al.
1999b, Tuompo et al. 2000). The same is true
of P(L/DL)LA implants in craniomaxillofacial
surgery, as reviewed by Ashammakhi et al.
(2001). As the degradation time of PLA in
living organisms is several years, only studies
with  follow-up intervals of more than 4 or 5
years are valid for determining the ultimate
biocompatibility of PLA implants.
To the knowledge of the author, the only
clinical study published with a follow-up time
sufficiently long to determine the biocompati-
bility of PLLA is a long-term study of drawn
PLLA implants in orthopaedic surgery with a
follow-up of a mean 5.3 years (range 4-9), by
Matsusue et al. (1997). In that study,  80 opera-
tions were performed, including bone graft
fixation in hip arthroplasties and cervical spine
decompression operations, fixation of peri-
and intra-articular fractures, and one correction
osteotomy for hallux valgus. No foreign-body
tissue reactions occurred.
The very rare clinically significant tissue
reactions to PLLA noticed in previous studies
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(Bergsma et al. 1995, Böstman and Pihlajamä-
ki 1998) have demonstrated no inflammatory
processes, but instead demonstrated the pattern
of the “normal” late degradation previously
seen in experimental studies. It has been
suggested that the combination of excess polymer
material with a poorly vascularised, thin layer
of tissue results in slow degradation of the
polymer, especially of the PLLA crystals known
to be highly resistant to hydrolysis. In the late
phase of this degradation, the slow  clearing of
the tissue from this overwhelming  polymer
load, and the ineffectiveness of this clearing
due to the poor vascular conditions, may lead
to intense conglomeration of phagocytising
cells, which in turn attract fibrocytes. Formation
of connective tissue may in such cases be pro-
minent and may lead to symptomatic swelling
over the implants (Bergsma et al. 1995). Most
of the problems of  tissue responses to PLLA
could probably be avoided by following the
correct surgical technique: by optimising the
size and the number of implants so as not to
exceed the capability of the tissues of the imp-
lantation site to clear the polymer debris, and
by cutting away any extruding parts such as
screw heads and excess rod length. In one stu-
dy, for example, extraosseous plates made of
non-reinforced PLLA used in ankle fracture
surgery caused swelling of the implant site in
52% of 19 patients one year after implantation,
but reducing the size of the plates eliminated
the adverse tissue reactions. No histologic
evaluations of the tissue reactions were perfor-
med, however (Eitenmüller et al. 1996).
Recently, the first report was published of a
late tissue reaction presenting as a draining
sinus after SR-PLLA screw fixation. A tarso-
metatarsal fracture-dislocation of  the foot was
fixed with 4 SR-PLLA screws of 3.5 mm. No
detailed data on the operation technique were
included in this report.   Thirty months after
surgery, a cystic mass developed over the
second and third tarsometatarsal joints. The
mass was aspirated 3 times, after which it
began to drain clear fluid. After the mass was
excised, histologic examination revealed pola-
risable foreign material with a surrounding
foreign-body tissue reaction. Small polymer
particles appeared inside macrophages and
foreign-body giant cells (Mosier-LaClair et al.
2001).
Another concern related to the usage of bio-
absorbable implants for fixation of  bone is
osteolysis, which means local resorption of the
bone around an implant. Osteolysis is seen
around metallic implants during the consolida-
tion of a fracture or an osteotomy and is
thought to be attributable to loose osteosynthesis,
a slight movement between the implant and the
bone. It has also been seen as sometimes quite
significant dilatation of the implant channels
during the degradation of PGA implants (Böst-
man 1991). In a study with SR-PLLA screw
fixation of sagittal split mandibular osteoto-
mies, transient  widening of the implant tracks
in the plain radiographs at 2 years (one patient),
3 (4 patients) and 4 (one patient) (among 27
patients followed for 2 years or more)
appeared and was suggested to result from
Review of the Literature
44
resorption of bone during the degradation of
SR-PLLA screws . The patients had no clinical
symptoms (Kallela et al. 1999b). Another 2
case-reports with SR-PLLA screw fixation and
a manifest tissue reaction describe osteolytic
dilatation of the implant channel (Böstman and
Pihlajamäki 1998, Mosier-LaClair 2001).
Temporary resorption of the bone around
PLLA implants may be part of normal tissue
response to degradation of these implants, but
the clinical significance of this response
remains unclear; based on the transient nature
of the changes, they probably have no long-
term effects on outcome
2.16.6 Healing of osteotomies, fractures,
and ligamentous injuries
2.16.6.1 Experimental studies
Several experimental studies have shown
uneventful healing of  cancellous  bone osteo-
tomies and fractures with PLA implant
fixation.
Non-reinforced microporous plates and
screws made of PLLA (MW  up to 1 000 000
daltons) were used to fix artificial mandibular
fractures in sheep (Bos 1989a) and dogs (Bos
1989b). The fractures healed uneventfully
without callus formation in 11 and 9 weeks,
respectively.
Distal femoral osteotomies in rabbits have
been fixed either with SR-PLLA screws made
of PLLA (MW 260 000 daltons) or metallic
screws. Plain radiographs, quantitative CT, and
MRI gave indirect evidence of more rapid and
better osteotomy healing in the SR-PLLA
group (Viljanen et al. 1995). In a study with
fixation of sheep olecranon osteotomies with
SR-PLLA screws or metallic screws, the SR-
PLLA group had 2 osteotomies fail and 8 heal,
but in the metal group all 10 osteotomies hea-
led. At 12 weeks the healed osteotomy sites of
the SR-PLLA group had significantly higher
shear-strength values than did those of the
metal group (Manninen et al. 1992). SR-PLLA
rods made of PLLA (MW 700 000 daltons)
have been used to fix a diversity of fractures in
cats and dogs, of which most were fractures in
the cancellous bone areas. Of 20 fractures, 17
healed uneventfully in 3 to 24 weeks (Räihä et
al. 1993a). In a study with fixation of subcapital
femoral osteomies in sheep by SR-PLLA pins,
all the osteotomies healed by 12 weeks
(Vasenius et al. 1993).
When Gerlach and co-workers (1987) fixed
mandibular osteotomies in dogs with PLLA or
P(L/DL)LA 90:10 plates and screws, all the
dogs experienced uncomplicated bone healing.
Räihä  and co-workers (1990) used SR-
P(L/DL)LA screws to fix trochanteric osteo-
tomies in 12 dogs, and had one failure of fixation
and non-union of the osteotomy. Osteotomies
of the distal femora in rats were fixed with SR-
PLLA cylindrical implants made of PLLA
(MW  250 000 daltons) or with SR-
P(L/DL)LA 60:40 (MW 100 000 daltons). All
osteotomies healed uneventfully, except for
one non-union in the latter group at 36 weeks
(Majola et al. 1991b).
Mandibular body osteotomies were fixed by
use of SR-P(L/DL)LA 70:30 screws (MW
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42 000 daltons) in 9 sheep, and metal screws in
another 9. Displacements of the fixed osteotomy
fragments were common in both groups during
the first 3 weeks, but all osteotomies consolidated
at similar rates (Kallela et al. 1999a). In a study
of distal femoral osteotomies fixed with
SR-P(L/DL)LA 70:30 screws in rabbits, 26 of
39 osteotomies healed uneventfully, and the
fixation properties of the implants were found
sufficient (Joukainen et al. 2000).
For the fixation of osteotomies and fractures
of the diaphyses of the weight-bearing long
bones, both intramedullary  PLLA devices and
PLLA devices implanted on the bones have
been evaluated in experimental animals. In
fixation of the diaphyseal bones with PLLA
implants, the results are more controversial
than in cancellous bone fixation.
Midshaft femoral osteotomies in 7 sheep
were fixed with an intramedullary rod with 2
interlocking pins made of high-MW PLA
(MW 290 000 daltons). All osteotomies healed
uneventfully (van der Elst et al.1998).
SR-PLLA rods manufactured of PLLA (MW
720 000 daltons) were implanted in the intra-
medullar canals of 4 cat femora to stabilise mid-
shaft femoral osteotomies. All osteotomies healed
with moderate callus formation and slight or
moderate deviations or rotations by 6 weeks
(Räihä et al. 1992). Shaft fractures (N=25) of
long bones in cats and dogs were treated with
corresponding SR-PLLA-rod intramedullary
nailing, of which 23 fractures healed in 5 to 26
weeks according to the plain radiographs (Räihä
et al. 1993b). When tibial cortical osteotomies
were performed in 72 rabbits, of which half
were fixed with SR-PLLA screws made of
PLLA (MW 250 000 daltons) and half with
metal screws, a single SR-PLLA screw was
insufficient to fix a cortical osteotomy, since
97% of the metallic but only 44% of the
SR-PLLA-fixed osteotomies healed well (Man-
ninen 1993). However, when SR-PLLA rods
made of PLLA (MW  660 000-727 000 daltons)
were implanted intramedullarily to fix cortical
bone osteotomies in 42 rabbit femora, only one
non-union occurred before 3 and one before 12
weeks (Manninen and Pohjonen 1993).
In a study with fixation of cortical bone
osteotomies intramedullarily with SR-PLLA
or SR-P(L/DL)LA 60:40 rods in the femoral
diaphyses in rabbits, uneventful healing of the
osteotomies was achieved in 37/40 osteo-
tomies in the SR-PLLA and 30/45 in the SR-
P(L/DL)LA group. The mechanical properties
of the SR-PLLA rod were sufficient, whereas
those of the SR-P(L/DL)LA 60:40 rod were
insufficient to fix osteotomies of the weight-
bearing cortical bone (Majola et al. 1992b).
Saikku-Bäckström and co-workers (2001)
used SR-P(L/DL)LA 92:8 rods intramedullari-
ly to fix cortical bone osteotomies in the
diaphyses of rabbit femora, 36 of 43 osteo-
tomies achieving uncomplicated bone healing
(Saikku-Bäckström et al. 2001).
To study chiefly any possible stress-protection
effect of SR-PLLA plates on the bone earlier
noticed with metallic plates, 9 osteotomies of
the mandibular corpus of the sheep were fixed
with SR-PLLA plates made of PLLA
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(MW 720 000 daltons) and metallic screws,
and 9 with metallic plates and screws. The
bending strengths of the osteotomy sites were
higher in the SR-PLLA group at 9 and 12
weeks, but were equal in both groups at 24
weeks (Suuronen et al. 1992b).
 Femoral shaft osteotomies in 58 rabbits
were fixed with drawn PLLA plates (MW
220 000 daltons) and metallic screws, and in
35 rabbits with metallic plates and screws.
Mechanical strength and bone mineral content
and density under the plates remained almost
normal for 40 weeks in the PLLA group,
whereas in the metal group a significantly
lowered mechanical strength and osteopenia
were observed after 25 weeks; 67% of the
osteotomies of the PLLA group and 80% of
the metallic group united without displace-
ment (Hanafusa et al. 1995).
In addition to osteotomy and fracture fixation,
a bone-tendon-bone (BTB) graft fixation
using PLA plugs and screws has been  studied
in bovine (Kousa et al. 1995, Tuompo et al.
1996) and porcine (Kousa et al. 2001a, Kousa
et al. 2001b) cadaver knees, in which the PLA
implants were found to be reasonable alternatives
for metallic screws in anterior cruciate liga-
ment (ACL) graft fixation.
2.16.6.2 Clinical studies
Bioabsorbable fixation devices of varying
chemical compositions and manufacturing
methods have been the longest in clinical use
in the field of maxillofacial surgery. Plates and
screws made of non-reinforced PLA (Bos et al.
1987, Bergsma et al. 1995, Tams et al. 1996,
Bessho et al. 1997), SR-PLLA (Kallela et
al. 1999c), and SR-P(L/DL)LA 70:30
(Ashammakhi et al. 2001) have been used to
fix facial fractures and osteotomies with
satisfactory results in bony healing.
Within the field of orthopaedics and trauma-
tology, screws, rods, plates, plugs, and wires
made of PLLA have been used in the fixation
of cancellous bone fractures, osteotomies, and
arthrodeses since the end of the eighties, and
more recently, screws, rods, tacks, arrows, and
suture anchors made of PLLA in the fixation
of osteochondral, ligamentous, meniscal, and
labral injuries. Non-reinforced pins made of
P(L/DL)LA 70:30 have been introduced to fix
ostechondral fragments and fractures (Rehm et
al. 1994, Rehm et al. 1997).
Fixation of fractures, osteotomies, and
osteochondral lesions
Patients with dislocated ankle fractures
(N=28) were treated by osteosynthesis of the
fractures using SR-PLLA screws made of
PLLA (MW 260 000 daltons).  The postoperative
course was uneventful in all patients, and the
clinical result good or excellent in all but one
patient (Partio 1992).
When 26 patients with dislocated medial mal-
leolar fractures were treated by open reduction
and internal fixation with SR-PLLA expansion
plugs (MW 51 000 daltons), lateral malleolar
fractures were present in 22 cases and were treated
with either metallic plate and screws, SR-PGA
or SR-PLLA screws, or rods. Healing of the
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medial malleolar fractures was in all patients
undisturbed (Pihlajamäki et al. 1994a).
Patients with dislocated medial malleolar,
bimalleolar, or trimalleolar fracture of the ankle
(N=155) were treated with medial malleolar
fixation of either metallic or orientruded PLLA
screws. On the lateral malleolar fractures, if
present, metallic plates and screws were used.
Union of the medial malleolar fracture occurred
in all but 2 patients in the PLLA group at an
average 3.1 months, and in the metallic group
in all patients at an average 3.5 months. Func-
tional results of the two groups were compa-
rable (Bucholz et al. 1994).
In a study of 51 patients with displaced fractures
of the ankle managed with SR-PLLA-screw
fixation (screws made of PLLA, MW 600 000
daltons), the postoperative bone healing was un-
eventful in all but one. In that patient, lateral
malleolar malunion with post-traumatic osteo-
arthritis  led to arthrodesis of the ankle 17 months
after the initial operation (Böstman et al. 1995).
Fifteen olecranon and 6 patella fractures
were fixed with an SR-PGA screw or an SR-
PLLA plug and an SR-PLLA wire, and 10
olecranon and 4 patella fractures with metallic
Kirschner wires and a cerclage. Bone healing
was uneventful in all but the one patient in the
bioabsorbable group who had a new trauma
and a refracture of the patella. The clinical
result was good in all but 3 patients in the
metallic group (Juutilainen et al. 1995).
 In 6 patients with tibial plateau or proximal
tibial avulsion fractures, and in 5 patients with
high tibial osteotomies due to medial arthrosis
of the knee, fixation of the fracture or osteotomy
was performed by use of SR-PLLA screws.
All fractures and osteotomies reached bony
union, and the clinical result was good or
excellent in 5 patients, moderate in 3, and poor
in one; 2 patients were lost to follow-up
(Tuompo et al. 1999b).
When 11 patients with medial malleolar
fractures were treated with orientruded PLLA
screw fixation and were followed for 2 to 7
(mean, 4.5) years, all fractures healed, and there
was one wound infection and 2 cases of post-
traumatic osteoarthritis (Rehm et al. 1997).
Forty patients with femoral neck fractures
were treated by internal fixation with 3 SR-
PLLA lag screws, and 40 with one to 3 metal
screws. For the Garden I and II fractures, there
were 5/29 redislocations after SR-PLLA-
screw and 8/29 after metal screw fixation, for
the Garden III fractures 4/9 redislocations after
SR-PLLA-screw fixation, and for the Garden
IV fractures 2/2 redislocations in both groups
(Jukkala-Partio et al. 2000).
Small fragment fractures and osteotomies of
the hand, foot, elbow, or patella in 27 patients
were fixed with SR-PLLA pins made of PLLA
(MW 250 000 daltons). Bone healing and
functional outcome were undisturbed in all
cases (Pihlajamäki et al. 1992).
Pins made of non-reinforced P(L/DL)LA
70:30 were used to fix fractures and
osteochondral fragments at various locations
such as the proximal part of the radius, os navi-
culare, os scaphoideum, os metacarpale and
-tarsale, talus, calcaneus, and  femoral condyle.
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There were 6/57 dislocations of these
fragments (Rehm et al. 1994).
In a study of 143 patients treated with un-
axially drawn PLLA-pin or  -screw fixation of
bone grafts, peri- and intra-articular fractures,
and osteotomies, bony union was reached in all
but one patient, in whom a PLLA screw was
used to fix an allograft in a revision knee re-
placement operation (Yamamuro et al. 1994).
When 40 metatarsal osteotomies or digital
arthrodeses and one midtarsal arthrodesis were
performed on 23 patients with SR-PLLA-rod
fixation, all osteotomies and arthrodeses but
one achieved bony union. In one digital arthro-
desis, failure of fixation and non-union
resulted (Burns and Varin 1998).
For 23 patients with hallux valgus, 25 Akin
osteotomies were performed  and fixed with
high MW PLLA staples. All osteotomies
united, and the patients were satisfied with the
result in 96% of the cases (Barca and Busa
1997).
An SR-PLLA expansion plug made of PLLA
(MW 664 000 daltons) served as a fixation device
in 33 patients treated by a modified Bristow-
Laterjet procedure for recurrent anterior dislo-
cation of the shoulder. Bony union of the cora-
coid bone block to the neck of the scapula was
assessed in 26 patients, and no redislocations
appeared during the 6- to 18-month follow-up
time (Pihlajamäki et al. 1994a).
When ultra-high MW PLA screws were
used as fixation devices in rotational acetabular
ostetomies in 28 patients with dysplastic hips,
bone union occurred in all patients within
4 months without displacement of the osteotomy
(Nakamura et al. 1993).
In 3 patients with osteochondritis dissecans
and 2 patients with ostechondral fractures of
the knee, ultra-high MW PLLA pins were used
to fix the fragments. In all cases, satisfactory
bony union and good functional results occurred
(Matsusue et al. 1996).
In another study with osteochondritis dis-
secans fixation with SR-PLLA pins in 11 knees,
the fragments united in all but 2 patients, and
accordingly, the functional result was good or
excellent in all but these 2 (Tuompo et al. 1997).
In a retrospective comparison of
osteochondritis dissecans of the knee fixed
with autologous bone pegs in 18 patients, SR-
PGA rods in 11, and SR-PLLA rods in 11,
ossification of the fragments was achieved in
all but one patient, one in the bone peg group.
The functional and clinical outcomes of the
groups were comparable (Tuompo et al. 2000).
Arthrodesis fixation
In 2 patients with post-traumatic arthrosis of
the ankle, an ankle arthrodesis was performed
by use of SR-PLLA screws made of PLLA
(MW  260 000 daltons). Solid bony union was
reached in 6 to 8 weeks, and the functional
results were good (Partio et al. 1992b).
Subtalar extra-articular arthrodesis was perfor-
med in 7 children with spastic neuromuscular
disease and severe hindfoot valgus deformity
bilaterally, one side fixed with SR-PLLA
screws made of PLLA (MW  260 000 daltons)
and the other with  metallic screws. Better union
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occurred with SR-PLLA-screw fixation in 5
patients, results were comparable in one, and
were better with  metallic fixation in one patient
(Partio et al. 1992c).
The first MTP joint was fused in 39 patients
due to RA. Fixation devices were either metallic
Kirschner wires or SR-PLLA rods. There were 3
clinical and 5 radiographic non-unions in the SR-
PLLA group, and no clinical and 2 radiographic
non-unions in the metallic group. No re-opera-
tions were needed in the SR-PLLA group,
whereas in 3 patients of the metallic group, the
K-wires had to be removed (Niskanen et al. 1993).
In a study of 53 arthrodesis operations (the
wrist, the carpometacarpal, the metacarpopha-
langeal joint of the thumb, the interphalangeal
joint of the thumb, the interphalangeal joint of
the finger, the talocrural joint, and the subtalar-
calcaneocuboid-talonaviculare joint) in patients
with RA with SR-PLLA-screw or -rod fixation,
all but 2 talocrural arthrodeses united  (Juuti-
lainen and Pätiälä 1995).
Ligamentous, meniscal, and labral fixation
In 140 patients with rupture of the ulnar collateral
ligament of the thumb, an SR-PLLA mini-tack
was used in re-insertion of the ligament. After
a 6-month follow-up, stability of the meta-
carpophalangeal joint was reached in all but
2 patients (Juutilainen et al. 1996).
In a study with ACL reconstruction with a
patellar BTB graft, comparable functional
results were achieved both with PLLA and
metallic interference screw fixation (Barber et
al. 1995), as well as good results with PLLA-
screw fixation in 22 ACL reconstructions with
tripled semitendinosus-cancellous bone grafts
(Barber 1999).
Tuompo and co-workers compared SR-
PLLA screws and plugs in the fixation of BTB
grafts in ACL reconstructions in 8 and 10 pa-
tients, respectively; 7 of the 8 and 6 of the 10
patients found their knees to be nearly normal,
with no statistical difference in results between
the groups (Tuompo et al. 1999a).
In meniscal surgery, meniscal arrows and
screws made of SR-PLLA are in clinical use
as devices in all-inside meniscal repair. Despite
the wide clinical use of these devices (tens of
thousands of operations in the USA and Europe)
(Törmälä et al. 1998), no reports of long-term
results of such operations seem to exist.
Albrecht-Olsen et al. performed 65
re-arthroscopies 3 to 4 months after fixation
of meniscal tears with SR-PLLA arrows or
sutures. Of the menisci, 91% healed in the
arrow group, and 75% in the suture group
(Albrecht-Olsen et al. 1999). Hurel and co-
workers (2000) reported a one-year follow-up
of 26 meniscal repairs with SR-PLLA arrows
producing outcomes rated as 88% satisfactory
and 12% poor. Reports have been published
of migrated, subcutaneous meniscal arrows as
foreign bodies ( Oliverson and Lintner 2000),
and chondral injury after SR-PLLA-meniscal
arrow fixation (Seil et al. 2000, Ross et al.
2000). In shoulder instability surgery, tacks
and suture anchors made of PLLA have been
applied (Maitra et al. 1998), but no reports of
clinical use are available.
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3.1 AIMS
The aims of the study were to answer the following questions:
1. Are bioabsorbable self-reinforced poly-levo-lactic acid (SR-PLLA) rods suitable for fixation
of wrist arthrodeses in patients with rheumatoid arthritis? What is the functional outcome of
these patients?
2. What is the long-term outcome of wrist arthrodeses in rheumatoid arthritis performed with
bioabsorbable self-reinforced poly-levo-lactic acid (SR-PLLA) rod fixation?
3. Are bioabsorbable self-reinforced poly-levo-lactic acid (SR-PLLA) implants suitable for
fixation of talocrural (ankle) and subtalar (triple) athrodeses in patients with rheumatoid
arthritis and what are the long-term results after these arthrodeses?
4. What is the long-term outcome of patients with dislocated ankle fractures fixed with self-
reinforced poly-levo-lactic acid (SR-PLLA) screws and rods?
5. Is it possible to demonstrate the degradation characteristics of bioabsorbable self-reinforced
poly-levo-lactic acid (SR-PLLA) implants by means of computed tomography? What is the
degradation pattern and the degree of tissue restoration after degradation of these implants?
6. Are bioabsorbable self-reinforced poly-levo/racemic-lactic acid 70:30 (SR-P(L/DL)LA 70:30)
screws suitable for fixation of arthrodeses of the first metatarsophalangeal joint in
patients with rheumatoid arthritis?
3. THE PRESENT STUDY
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3.2 PATIENTS AND METHODS
3.2.1 General remarks
The present work consists of 6 clinical studies,
of which 4 (Studies II,III,IV,V) are long-term
evaluations on bioabsorbable SR-PLLA
implant fixation in RA and malleolar fracture
surgery, and 2 (Studies I and VI) are short-term
prospective evaluations dealing with SR-
PLLA or SR-P(L/DL)LA 70:30 implant fixa-
tion in RA surgery. The patients in Studies II to
V underwent surgery at the Department of
Orthopaedics and Traumatology, Helsinki
University Central Hospital, between 1988 and
1998, of Study I between 1997 and 2000, and
of Study VI at Peijas Hospital, Vantaa, in 1999-
2000. This work was approved by the Commit-
tees on Ethics at Helsinki University Central
Hospital, and Peijas Hospital, Vantaa.
3.2.2 Patients
Altogether 81 operations on 69 patients were
performed. Patient and operation characteristics
appear in Table 2. All patients with arthrodeses
suffered from sero-positive RA, with the
exception of one patient with post-poliomye-
litidem subtalar arthritis and triple arthrodesis
(Studies III and V), and fullfilled the 1987
ACR (American College of Rheumatology)
classification for RA (Arnett et al. 1988). All
operations except one in Study II were primary.
Study V includes subgroups of patients of
The Present Study
Table 2. Patients and types of operations.
Study N Mean age (range) Sex M/F Side L/R/B Type of operation
I 18/24 56 (33-75) 2/16 3/9/6 Wrist fusion
II 18/21 55 (33-63) 4/14 9/6/3 Wrist fusion
III 9/10 54 (28-71) 1/8 4/4/1 3 TC fusions
7 TaC-CC-TN fusions
IV 16/16 37 (19-54) 6/10 5/11/0 Malleolar fracture fixation
V 33/37 52 (19-71) 8/25 15/14/4 13 Malleolar fracture fixations
2 TC fusions
7 TaC-CC-TN fusions
15 Wrist fusions
VI 8/9 57  (48-60) 0/8 2/5/1 3 MTP 1 fusions
6 MTP 1 fusions
MT 2-5 resection arthroplasties
    N=number of patients/number of procedures.    Age in years.    M=male, F=female.    L=left,
R=right, B=bilateral.    TC=talocrural.    TaC-CC-TN=talocalcaneal-calcaneocuboid-talonavicular.
     MTP=metatarsophalangeal.    MT=metatarsal.
3 4
5
6
1 2
7
8
5
6
3 4
5 6
1 2
7 8
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Figure 3. SR-PLLA rods of sizes 1.5-3.2x30-70 mm.
Studies II, III and IV, and in addition, a bilateral
instead of unilateral arthrodesis of the wrist in
one patient. Five patients of Study IV under-
went re-operation during the post-operative
follow-up because of late tissue reactions; data
on these tissue reactions are included in the
study.
3.2.3 Implants
All implants were developed and manufac-
tured at the Institute of Biomaterials, Tampere
University of Technology, and at Bionx
Implants Ltd (former Bioscience Ltd), Tam-
pere, Finland. The medical-grade raw material
PLA was obtained from 2 commercial suppliers.
The self-reinforced structure of some of the
implants used at the earliest phase of the study
were manufactured by the sintering method,
but of the majority of the implants by the die-
drawing method (Törmälä 1992). The implants
were sterilised with gamma-irradiation of a
minimal dose of 25 kGy, at a sterility assur-
ance level (SAL) of 106.
The SR-PLLA rods (Figure 3) were manu-
factured of PLLA with an initial raw material
MW of 250 000 to 660 000 daltons. The rods
were 1.5 to 4.0 mm in diameter, and 30 to 70
mm in length.
The SR-PLLA screws (Figure 4) were
manufactured of PLLA with an initial raw
material MW of  250 000 to 727 000 daltons.
The screws were 3.2 mm in core diameter and
4.5 mm in thread diameter, and full-threaded.
Lengths of 20 to 70 mm were used.
The SR-P(L/DL)LA 70:30 screws (Figure 5)
Figure 4.
SR-PLLA screw of size
4.5x45 mm
Figure 5.
SR-P(L/DL)LA 70:30
screw of size 2.8x45 mm
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Table 3. Properties of SR-PLA implants used in the study.
Implant Intrinsic Crystallinity(%) Melting Bending strength Shear strength Bending modulus
viscosity (dl/g) point (°C) (MPa) (MPa) (MPa)
SR-PLLA rod 1.64, ref. 1 69, ref. 1 184.2, ref 1 130-300, ref. 1, 2, 3 96-300, ref. 1, 2, 3 6-10, ref. 1, 2, 3
SR-PLLA screw 1.036, ref. 4 74, ref. 4 186.9, ref. 4 200-202, ref. 4, 5, 6 110-138, ref. 4, 5, 6 6-7, ref. 4, 5
SR-P(L/DL)LA 1.23, ref. 7 0, ref. 5 - 170-190, ref. 2 130-145, ref. 2 5, ref. 5
screw
References (ref.): 1= Törmälä 1992, 2= manufacturer’s information, 3=Pohjonen et al. 1988,
4=Suuronen et al. 1992a, 5=Kallela 1999, 6=Kallela et al. 1999c, 7= Pohjonen and Törmälä 1996.
References used as in Table 1. For abbreviations, see Table 1.
were manufactured  of a mixture of PLLA and
racemic DL-lactide with an initial raw material
MW of 450 000 daltons. The screws were 2.0
mm in core and 2.8 mm in thread diameter, and
full threaded. Lengths of 26 to 40 mm were
used.
Mechanical  and thermal properties  and the
inherent viscosities of the implants are shown
in Table 3.
3.2.4 Surgical techniques and post-
operative treatment
All operations were performed under general or
regional anaesthesia, with a tourniquet used.
Indication for arthrodesis surgery was pain and
dysfunction of a destroyed rheumatoid joint
resistant to conservative treatment, and for mal-
leolar fracture surgery displacement of  at least
2 mm of an uni- bi- or trimalleolar fracture.
3.2.4.1 Arthrodesis of the wrist (I, II)
A longitudinal incision was made over the dor-
sal side of the wrist and exposing the extensor
retinaculum, which was incised by forming a
radial retinacular flap; the tendons of the
extensor muscles were retracted to expose the
joint capsule, which was then incised. A care-
ful synovectomy of the exposed wrist joint was
performed. The distal ulnar head was resected
to be used later as a cancellous bone graft. The
radiocarpal and the intercarpal articular surfaces
were removed down to the cancellous bone,
and the volar dislocation of the carpal bones
was corrected. A channel of 3.2 mm was
drilled into the distal radius and the proximal
capitate bone. An SR-PLLA rod of the size 3.2
by 50 to 70 mm was passed first into the chan-
nel of the distal radius, and then into the chan-
nel of the proximal capitatum by distracting
the wrist (Figure 6).
Bone grafts of the resected ulnar head were
placed around the resected joints. At the closure
of the approach, the tendons of the long radial
and the ulnar extensor muscles of the wrist
were sutured together to form an X-shaped
The Present Study
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structure to enhance the compression between
the fragments and to offer more cover over the
dorsally exposed joint. The radial flap of the
extensor retinaculum was placed under the
tendons of the extensor muscles of the fingers
to form a gliding surface, and the wound was
closed. A plaster cast was used for 2 to 3 weeks
postoperatively, and thereafter, a splint made
of Hexalite® for another 6 to 7 weeks.
3.2.4.2 Triple and ankle arthrodesis (III)
The triple arthrodeses were  performed by
anterior and lateral approaches. The joint
surfaces of the talocalcaneal, calcaneocuboid,
and talonavicular joints were removed down to
the cancellous bone, and the arthodeses were
stabilised by bioabsorbable fixation (Figure 7).
One to 4  SR-PLLA screws of the size of
4.5 mm by 30 to 70 mm were used, and in
2 operations  additionally 1 or 2 SR-PLLA
rods of the size 2.0 to 4.5 mm  by 30 to 60 mm.
The ankle arthrodeses were performed by
medial and lateral approaches. The joint sur-
faces were removed down to spongy bone, and
the arthrodeses were fixed by bioabsorbable
screws (Figure 8). Screws of the size of
4.5 mm by 45 to 55 mm made of SR-PLLA
were used in 2 operations and SR-PGA screws
in one operation.
A plaster cast was used for 8 weeks post-
operatively, and weight-bearing with crutches
was allowed 3 weeks after the procedures.
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Figure 6. Schematic representation of the tech-
nique of wrist arthrodesis  with bioabsorbable rod
fixation.
Figure 8. Schematic representation of talocrural
arthrodesis with SR-PLLA screw fixation.
 A) anteroposterior and B) lateral view.
A) B)
Figure 7. Schematic representation of triple
arthrodesis with SR-PLLA screw fixation
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Figure 10.
 Schematic representation of the SR-PLLA screw of the present study. Full-threaded screws with outer
diameter of 4.5 mm and lengths of 20-70 mm were used.
3.2.4.3 Ankle fracture fixation (IV)
Longitudinal incisions were made over the
malleoli, exact reduction of the fracture frag-
ments was made, and a transient fixation was
performed with clamps. The screws were
inserted over  the fracture line after the drilling
of 3.2-mm diameter holes and tapping,
through both corteces in the lateral malleoli
and posterior trigoni and through one cortex in
the medial malleoli (Figures 9, 10, 11, 12).
One to 4 SR-PLLA screws of 3.2 mm in core
diameter, and 4.5 mm in thread diameter, and
20 to 70 mm in length were applied in 12 ope-
rations, 1 or 2 SR-PLLA screws and an SR-
PLLA rod in 3 operations, and one SR-PLLA
rod in one operation. The rods were inserted
with an applicator (Figure 13) in drill channels
of equal size to the rods (1.5-3.2 in diameter
and  30-50 mm in length).
At the time of the operations, the importance
of sinking or cutting the  extruding screw
heads and cutting the extra length of the rods
was not yet recognised, and according to the
operation histories, the extruding screw heads
or rods were cut in 2 operations, and in one
Figure 9.
SR-PLLA screws and implantation instruments
used to fix ankle fractures. From left: drill bit,
tapping instrument, T-handle, sinking instrument,
screw driver, SR-PLLA full-threaded screw, and
SR-PLLA lag screw.
operation, the lateral malleolar screw heads
were cut, but the medial malleolar screw head
was left uncut. Possible concomitant ligament
injuries were repaired; no syndesmotic ruptures
requiring fixation were observed. Six weeks’
postoperative plaster cast immobilisation was
used in 10 patients. In the other 6 patients, the
osteosyntheses were estimated as sufficiently
stable to allow immediate mobilisation of the
The Present Study
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Figure 11.
Structure and size of the head of the 4.5 mm
SR-PLLA screw.
Figure 12.
Schematic representation of  bioabsorbable fixation of an ankle fracture.
Figure 13.
Applicators used in implantation of SR-PLLA rods.
The Present Study
ankle joint after the operation (Partio 1992).
Partial weight-bearing was allowed 3 weeks
postoperatively, and full weight-bearing at 4
weeks.
3.2.4.4 Operation of the rheumatoid forefoot
(VI)
The procedure was initiated by arthrodesis of
the first MTP joint. A dorsomedial incision
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was made longitudinally over the joint, and the
joint capsule was incised along the medial
edge of the tendon of the extensor muscle of
the hallux. The capsule and the tendon were
retracted to expose the first MTP joint. Any
existing prominences of the head of the first
metatarsal bone were removed with an
osteotome, and a careful synovectomy was
performed. The destroyed joint surfaces were
removed with an oscillating saw after defining
of the amount of bone to be removed to
achieve correction of the valgus malalignment.
The bone surfaces were reducted in a position
at 15 to 20º of valgus and 25 to 30º of dorsi-
flexion (measured between the first metatarsal
and the proximal phalangeal bone of the hallux)
with clamps, and a temporary fixation with
two crossing 2 mm Kirschner wires was per-
formed. Two channels 2.0 mm in diameter
were drilled across the arthrodesis surfaces,
the channels were measured and tapped, and
two crossing SR-P(L/DL)LA 70:30 screws of
2.0 mm in inner and 2.8 mm in outer diameter,
and 26-40 mm long, were inserted (Figure 14).
Extruding screw heads were countersunk or
removed with an oscillating saw. The
Kirschner wires were removed, and the wound
was closed. In 6 patients, the operation pro-
ceeded with MTP 2-5 resection arthroplasty. A
dorsal, slightly curved horizontal incision was
made over the metatarsal heads. The tendons
of the extensor muscles of the toes were
retracted, the joint capsules were incised longi-
tudinally to expose the MTP 2-5 joints, and
careful synovectomies and soft tissue releases
Figure 14.
Schematic representation of the arthrodesis of the
first MTP joint with SR-P(L/DL)LA 70:30 screw
fixation.
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were performed. With an oscillating saw, two-
thirds of the heads of the metatarsal bones
were removed, and fixation was applied with
1.2 mm Kirshner wires from the tip of the
distal 2-5 phalanxes to the bases of the 2-5
metatarsal bones. The wound was closed. The
resection of the distal part of the proximal
phalanx of the second toe was performed on
one patient through a longitudinal incision in
the skin and the extensor tendon of the toe.
One day post-operatively, a below-the-ankle
plaster cast was constructed, and weight-bearing
was allowed only on the lateral side and on the
heel of the operated foot for 6 weeks. The
Kirschner wires were removed from the
second to fifth rays 3 weeks post-operatively.
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3.2.5 Analysis of tissue reactions (IV)
Evaluation  methods for palpable masses over
bioabsorbable implants removed in 5 patients
during the post-operative course after ankle
fracture surgery are presented in Tables 4, 5,
and 6.
3.2.6 CT scanning (V)
A CT scan of both ankles, wrists, or hindfeet
was performed with a fast CT scanner (CT
Highspeed advantage, GE, Milwaukee, WI,
USA) and the standard softwear of the scanner
was used. One-mm contiguous slices were tak-
en horizontal to the joint lines. On the scans,
10 regions of interest (ROI) inside all the im-
plant channels, 10 ROIs in the cancellous bone
outside the implant channels, and 10 ROIs in
the corresponding slices of the opposite joint
were analysed by evaluating the attenuation
values of the regions in Hounsfield units (HU).
ROIs were of size 0.4 cm2 for evaluating 3.2 to
4.5-mm implants and 0.03 cm2 for evaluating
1.5 to 2.0-mm implants. Attenuation values for
the margins of the implant channels were anal-
ysed at 10 spots on each implant channel, and
the diameter of the implant channel was mea-
sured at 10 spots inside each implant channel.
The Present Study
Table 4. Evaluations of the tissue reactions after SR-PLLA implant fixation of ankle fractures.
Patient Time after surgery Examinations
 (months)
4 45 Microscopy    Histological staining: Masson Goldner trichrome
9 45 Microscopy    Histological staining: Weigert van Gieson (Herovic modification)
11 40 Microscopy    Histological staining: Masson Goldner trichrome
13 115 Microscopy    Histological stainings: Weigert van Gieson (Herovic Modification),
Hematoxylin Eosin, Alcian Blue PAS
Transmission electron microscopy
Immunohistochemistry
15 115 Microscopy    Histological stainings: Weigert van Gieson (Herovic Modification),
Hematoxylin Eosin, Alcian Blue PAS
Transmission electron microscopy (TEM)
Immunohistochemistry
    Bancroft and Cook 1991     Hayat 1989     Battifora 1999. Patient numbers refer to Table 14.31 2
3
1
2
3
2
1
1
1
1
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Table 6. Materials and methods of the electron microscopy (Hayat 1989).
Fixation
Glutaraldehyde (2.5% v/v in 0.1M sodium phosphate-buffer, pH 7.4, 120 min, 25ºC)
Osmium-tetroxide (2% w/v in double-distilled water, 60 min, 4ºC)
Dehydration via acetone
Epon embedding
Cutting
Thin (80nm) sections
Poststaining
Aqueous uranyl-acetate (30 min, 25ºC)
Lead citrate (3 min, 25ºC)
Examination
Transmission electron microscope at 60 kV (JEM 1200 EX II, JEOL, Tokyo, Japan)
Table 5. Materials and methods of the immunohistochemical examination (Battifora 1999).
Fixation
Formaline (10% in 0.1M phosphate buffer)
Cutting
4-um sections with microtome
Processing
Deparaffinisation in graded xylene
Rehydration in graded alcohols
Microwaving in citrate buffer to bring out epitopes 2x5 min, pH 6
Introducing normal mouse serum to block non-specific background reactions
Introducing the monoclonal antibodies
Staining with an automated immunostainer (Labvision LV-1)
Detection with the Envision kit (DAKO)
Examination
Light microscope (Olympus), estimation of  number of stained cells
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3.2.7 Follow-up examination
3.2.7.1 Arthrodesis of the wrist with
bioabsorbable fixation: a short-term study (I)
The patients were examined radiographically
and clinically pre-operatively, 2 to 3, and 8 to
10 weeks, and on average 1.7 (range, 0.5-3.4)
years post-operatively. On the pre-operative
plain radiographs, the severity of articular
damage was assessed by the classification of
Larsen and co-workers (Larsen et al. 1977)
(Table 7).
On the pre-operative and final radiographic
follow-up examination, the volar subluxation
of the rows of the carpal bones was determined,
and  the carpal height index (CHI) and ulnar
translocation index (UTI) were measured by
the method of Youm and co-workers (1978)
(Figure 15) to demonstrate the pre-operative
deformation of the wrists due to RA, and the
post-operative correction of the deformation.
The positions of the arthrodeses in the final
follow-up radiographs were determined by the
method illustrated in Figure 16. Consolidation
of the fusions was determined radiographically
and clinically. The methods of the 0.5 to 3.4
years’ post-operative clinical follow-up exami-
nation are summarised in Table 8.
3.2.7.2 Arthrodesis of the wrist with
bioabsorbable fixation: a long-term study (II)
Previously, the patients had been examined
before the operations, and 2 and 8 weeks post-
operatively. For the present long-term study,
they were examined 3 to 8 (mean 5.4) years
post-operatively. Plain radiographs of the
affected wrist were taken before, one day,
2 weeks, and 8 weeks after the operation, and
for the long-term evaluation, both wrists of
each patient were examined radiographically.
At the long-term follow-up evaluation, fusion
Grade 0 Normal conditions.
Grade 1 Slight abnormality. One or more of the following lesions present: periarticular soft tissue swelling,
periarticular osteoporosis, or slight joint-space narrowing.
Grade 2 Definite early abnormality. Erosion obligatory except in weight-bearing joints. Joint-space narro-
wing.
Grade 3 Medium destructive abnormality. Erosion obligatory in all joints. Joint-space narrowing.
Grade 4 Severe destructive abnormality. Erosion and joint-space narrowing, bone deformation present in
weight-bearing joints
Grade 5 Mutilating abnormality.  Disappearance of original articular surfaces and gross bone deformation in
weight-bearing joints.
The Present Study
Table 7. Radiographic evaluation of severity of rheumatoid joint-destruction
(Larsen et al.1977).
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Figure 15.
Determination of A) carpal height index (CHI) as
ratio of  the distance  between the base of the third
metacarpal bone and distal articular surface of the
radius measured along the long axis of the third
metacarpal bone (<___>), to the length of the
third metacarpal bone (<- - ->)
B) ulnar translocation index (UTI) as ratio of
perpendicular distance between rotational centre
of the wrist (the proximal capitate bone) (<___>)
and the long axis of the ulna (…….) to the length of
the third metacarpal bone (<- - ->). Normal CHI
of an unaffected  wrist is 0.54±0.03 and UTI
0.30±0.03 (Youm et al. 1978).
Figure 16.
Determination of post-operative position of the
wrist. A) ulnar deviation: angle between the long
axis of the radius and the third metacarpal bone in
anteroposterior view B) extension: angle between
the long axis of the radius and the third metacarpal
bone in lateral view.
A)
B)
A) B)
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and position of the wrist were assessed clini-
cally and radiographically (Figure 16). To
detect subjective results, patients were asked to
define pain in their wrists and the function of
the hand in daily life activities (dressing,
taking care of personal hygiene, preparing and
eating food) by the scale in Table 9.
Complications such as infections, signs of
median nerve compression, and those asso-
ciated with the implants, such as late swelling,
sinus formation, or osteolysis were evaluated
clinically and radiographically.
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Table 8. Evaluation of pain, functional outcome, and personal satisfaction after wrist
arthrodesis with SR-PLLA implants.
Evaluation of post-operative pain None
Slight intermittent
Slight continuous
Disturbing intermittent
Disturbing continuous
Evaluation of the functional outcome 21 activities of daily life concerning:
(Jebsen et al. 1969) Personal care/hygieneDiet/food preparation
Occupational/Miscellaneous examination
Patient review questions on personal satisfaction Are you satisfied with the fused wrist?
(Weiss et al. 1995) What activities can you not do with this wrist
that you used to do?
Do you wish you had had the fusion surgery earlier?
Would you prefer a different position of the fused wrist?
How long did it take for the wrist to attain maximum
improvement after fusion?
On a scale from 1 to 10, with 10 being excellent,
can you rate the wrist after the fusion in overall
function and pain relief?
Scoring of the functional outcome: easier post- than pre-operatively = 20 points, no change= 10
points, more difficult post- than pre-operatively= 0 points. Maximum score 420 points.
Function of the hand was considered clearly improved at 325-420, moderately improved at 210-325,
moderately impaired at 105-210 and clearly impaired at 0-105 points.
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3.2.7.3 Bioabsorbable fixation of triple and
ankle arthrodeses (III)
Previously, the patients had been examined
before the operations, and 2, 8, and 12 weeks
postoperatively. Plain radiographs were taken
before the operation, one day, 2 weeks,
8 weeks, and 12 weeks postoperatively. Addi-
tional clinical and radiographical evaluations
were performed in cases of delayed union.
For the long-term follow up, plain radio-
graphs were taken of the operated and the
opposite side.
At this follow-up, the patients with triple
arthrodeses were examined 5.3 to 8.5 years
(mean 6.2) and the patients with talocrural
arthrodeses 5.9 to 9.1 years (mean 7.9) post-
operatively. The clinical results were assessed
objectively by testing the joint operated on for
pain or movement (indicating non-union) and
by clinically assessing the position of the
operated joint (varus/valgus), and subjectively
by the scale in Table 9.
In the radiographs, consolidation of the
arthrodesis was defined as appearance of bony
trabeculae across the joint line. In the cases of
triple arthrodeses, any arthritic changes in the
ankle joint were assessed. Complications such
as non-unions, malpositions, infections, and
those related to the implants (late swelling,
sinus formation, osteolytic changes) were
assessed clinically and radiographically.
3.2.7.4 Bioabsorbable fixation of ankle
fractures (IV)
Plain radiographs with anteroposterior and
lateral views were taken pre-operatively, and
one day, 3 weeks, and 6 weeks after the opera-
tions. All  patients were examined as out-
patients 3 weeks and 6 weeks post-operatively,
and 8 patients also 3, 6 and 12 months post-
operatively. Reports of the one-year follow-up
of these 8 patients have been published (Partio
1992).
 For the present long-term follow-up  study,
the patients were examined at the outpatient
department 8.6 to 11.7 years post-operatively
(mean 9.6). This evaluation included clinical
and radiographic examination of bony union of
the fracture and the alignment of the ankle joint.
The functional results were assessed by Olerud-
Molander fracture healing score (Olerud and
Molander 1984) (Table 10), for which the func-
tional result is considered excellent at a score
91 to 100 points, good at 61 to 90 points, fair at
31 to 60 points, and poor at 0 to 30 points.
Information on complications such as infec-
tions, deep venous thromboses of the lower
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Table 9. Scale of the subjective results at
long-term follow-up after wrist, triple or
ankle arthrodesis.
Pain Functional result
Intensity Duration
None Absent Good
Slight Intermittent Fair
Disturbing Continuous Poor
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limbs, re-operations due to dis-location or non-
union, and post-traumatic osteoarthritis  was
registered. The implants used in the study were
radiolucent, but  the visibility of the drill chan-
nels and osteolytic changes of the bone around
the implant could be assessed. Data on fluid
accumulation, sinus formation, or late swelling
at any time in the post-operative course were
reported.
3.2.7.5 CT analysis of bioabsorbable
implants (V)
CT scanning was done on average 7.5 (range,
1.1-11.7) years post-operatively.
3.2.7.6 Arthrodesis of the first MTP joint
with bioabsorbable fixation (VI)
Clinical and radiographic evaluations of the
patients were performed pre-operatively, and
6 and 12 weeks, 12 months, and 20 to 28
(mean 26) months post-operatively.
Pre-operatively, the severity of the first  MTP
joint involvement of the RA was defined on
plain radiographs in anteroposterior and lateral
views by the classification of Larsen and
co-workers (1977)  (Table 7).  Measurement of
the malalignment of the first MTP joint was
defined as the valgus angle between the long
axis of the first metatarsal and proximal hallux
digital bones, and the sagittal malalignment of
the lesser MTP joints was defined by the
overlap of the base of the proximal phalanx on
the metatarsal head.
Consolidation was determined in the post-
operative radiographs, and the measurements
illustrated in Figure 17 were performed.
Table 10.
The Olerud-Molander ankle score (Olerud and
Molander 1984).
Points
Pain
None 25
While walking on uneven surfaces 20
While walking on even surfaces outdoors10
While walking indoors 5
Constant and severe 0
Stiffness
None 10
Yes 0
Swelling
None 10
Only evenings 5
Constant 0
Stair climbing
No problems 10
Impaired 5
Unable 0
Running
Possible 5
Impossible 0
Jumping
Possible 5
Impossible 0
Squatting
Possible 5
Impossible 0
Supports
No support 10
Taping, wrapping 5
Stick or crutch 0
Work and actvities of daily life
Same as before injury 20
Loss of tempo 15
Change to a simpler job/half-time 10
Disabled,strongly impaired work capacity 0
Total max. 100
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Degenerative changes in the interphalangeal
joint of the hallux  and  the osteolytic changes
associated with the bioabsorbable implants
were recorded on the radiographs.
The 20- to 28-month follow-ups included an
objective clinical examination, scoring of the
outcome according to the Hallux Metatarso-
phalangeal-interphalangeal Scale (Kitaoka et
al. 1994b) (Table 11), and a subjective rating
on the outcome of the operation  (Coughlin
2000), in which the result was considered
excellent (no problems, high satisfaction, mild
or no pain, walking without difficulty), good
(few problems, satisfaction good, mild pain,
walking without or with mild difficulty, would
undergo the same procedure again), fair
(moderate pain in the foot, some difficulty
with walking, reservations about the success of
the operation) or poor (pain in the foot, little
improvement in walking, regrets about having
the procedure).
3.2.8 Statistical analysis
Statistical analysis was used in Studies I and V.
In Study I, correlation matrices and two-way
analysis of variance (ANOVA) were used
in assessing the dependencies between the
variables chosen. Stepwise regression analysis
was used to explain the UTI and CHI changes
pre- to post-operatively. In Study V, the
results were analysed by ANOVA and regres-
sion analysis. P-values <0.05 were considered
significant.
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Figure 17.
Measurement of A) the MTP valgus angles of the
MTP 1-5 joints, and B) the dorsiflexion angle of
the first MTP joint.
A)
B)
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Table 11.
Hallux Metatarsophalangeal-interphalangeal Scale (100 points total) (Kitaoka et al. 1994b).
Pain (40 points)
None 40
Mild, occasional 30
Moderate, daily 20
Severe, almost always present 0
Function (45 points)
Activity limitations
No limitations 10
No limitation of daily activities, such as employment responsibilities, limitation of recreational activities 7
Limited daily and recreational activities 4
Severe limitation of daily and recreational activities 0
Footwear requirements
Fashionable, conventional shoes, no insert required 10
Comfort footwear, shoe insert 5
Modified shoes or brace 0
MTP joint motion (dorsiflexion plus plantarflexion)
Normal or mild restriction (75° or more) 10
I Moderate restriction (35-74°) 5
Severe restriction (less than 30°) 0
IP joint motion
No restriction 5
Severe restriction (less then 10°) 0
MTP-IP stability (all directions)
Stable 5
Definitely unstable or able to dislocate 0
Callus related to hallux MTP-IP
No callus or asymptomatic callus 5
Callus, symptomatic 0
Alignment (15 points)
Good; hallux well aligned 15
Fair; some degree of hallux malalignment observed, no symptoms 8
Poor; obvious symptomatic malalignment 0
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3.3 RESULTS
3.3.1 Arthrodesis of the wrist with
bioabsorbable fixation: a short-term study (I)
All wrists of the study presented moderate or
severe rheumatoid changes pre-operatively at a
mean Larsen grade of  4.4 (range, 3-5) (Table
12). Complete fusion was achieved in all but 3
wrists (Figure 18). The mean pre-operative
CHI was 0.36 (range, 0.11-0.49) and the post-
operative 0.39 (range, 0.19-0.56), reflecting
correction of the subluxation of most of the
wrists. The mean pre- and post-operative UTI
was 0.24 (pre-operative range 0.03-0.49 and
post-operative range 0.05-0.40), but in 10 of
12 patients with severe ulnar translocation of
the wrist (UTI less than 0.25), correction of the
UTI by 0.02 to 0.24 was reached. The post-
operative alignments of the wrists are in
Table 12.
Satisfactory pain relief was observed in all
but 2 wrists (those with non-union). Overall
satisfaction as to the outcome of the fusion was
high without reservations in 14, high with
reservations in 7, and low in 3 wrists, and the
average rate of the overall improvement of the
wrist after the fusion was 8.1 (range, 4-10).
Two of the dissatisfied patients had non-union,
and one with bilateral fusion found the stiff-
ness of both wrists uncomfortable. Maximum
improvement of the wrist was achieved in zero
to 6 months in 12 wrists, 6 to 12 months in 8,
12 to 18 months in 2; the wrists were still reco-
vering in 2 patients after a 6-month follow-up
period; 7 patients wished their wrists had been
fused 1 to 10 years earlier. According to the
Table 12. Classification before (Larsen et
al. 1977), and alignment of the wrist after
fusions with SR-PLLA implants.
Patient Side Grade Ulnar Extension
deviation (degrees)
(degrees)
1 R 3 4.0 9.1
L 3 4.1 2.9
2 L 4 2.0 20.0
R 4 3.0 12.0
3 R 5 -12.0 0
L 5 0.7 4.9
4 R 3 5.4 -3.7
5 R 5 21.0 11.0
L 5 18.0 8.7
6 R 3 12.9 1.7
7 R 4 16.4 25.4
L 4 27.0 12.0
8 R 5 18.2 2.9
9 L 4 32.2 21.6
10 R 3 6.7 9.2
11 R 4 12.0 12.0
L 4 10.0 10.0
12 L 3 2.3 -4.1
13 R 4 0 1.9
14 L 4 -2.3 3.0
15 R 5 -3.2 -0.5
16 R 4 -6.7 5.3
17 R 3 13.0 11.0
18 R 4 6.0 3.5
     -= radial deviation        -= flexion.
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Figure 18.
Radiographs of the right wrist of a 61-year-old woman (Patient 2) with RA. Rheumatoid grade 4
destruction (Larsen et al. 1977) is visible  before the operation (A) anteroposterior and B) lateral
view). Solid fusion of the wrist is seen in the radiographs obtained 6 months post-operatively (C)
anteroposterior and D) lateral view).
A) B)
C) D)
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subjective ADL functional score, the function
of the hand in daily life activities had improved
significantly or moderately in 12 wrists, was
moderately impaired in 10 wrists, and signifi-
cantly impaired in 2 wrists.Three patients were
dissatisfied with the position of the wrist in
tasks such as working on a computer and
reaching for objects on upper shelves, and one
patient was dissatisfied with the appearance of
the fused wrist. Nine patients  found activities
they previously were able to perform impos-
sible after the fusion; the most frequently
mentioned task was picking up small objects
from the floor.
Factors contributing to high patient satisfac-
tion according to the statistical analysis were:
old age (p<0.001), high functional score
(p<0.001), low pain score (p<0.001), consoli-
dation of the fusion p<0.01), and position of
the fused wrist in ulnar deviation near neutral
(p<0.05).
 Clinical and radiographic non-union of the
left wrist led to re-operation on a 40-year-old
woman; at the re-operation, migration of the
SR-PLLA rod into the medullary canal of the
radial bone was observed, and the re-fixation
of the arthrodesis was carried out by metallic
Kirschner wires. The wrist fused uneventfully.
In 2 patients, radiographic and clinical non-
union required no surgical procedures. No
wound-healing difficulties or problems related
to the implants occurred, such as fluid accu-
mulation or sinus formation.
3.3.2 Arthrodesis of the wrist with
bioabsorbable fixation: a long-term study
(II)
Bony union was observed in clinical (defined
as absence of movement and pain in the wrist)
and radiographic (defined as bony trabeculae
across the joint) examinations in all but one
wrist (Figure 19). Alignments of the wrists are
in Table 13.
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Table 13. Alignment of the wrists 3 to 8
years after fusion with SR-PLLA imp-
lants.
Patient Side Ulnar Extension
deviation (degrees)
(degrees)
1 Right 11.3 9.5
2 Left 3.2 7.9
3 Left 0.1 0.2
4 Left 6.0 8.0
5 Left 19.5 13.4
6 Right 18.3 8.3
7 Left 7.4 9.7
8 Right 0.4 -2.9
Left 9.3 14.2
9 Left 6.0 16.0
10 Left 11.4 9.7
11 Right 14.2 6.8
12 Right -1.8 3.9
13 Right 8.8 6.1
14 Left 9.3 0.0
Right 1.7 11.1
15 Left 4.5 -3.3
16 Left 0.6 21.6
17 Right 1.8 0.8
18 Right 1.9 8.3
Left 15.3 15.3
    -= radial deviation       -= flexion1 2
1
2
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In the subjective results, 15 wrists produced
no pain, 4 wrists had slight, intermittent pain,
and in 2, the pain was intermittent and distur-
bing. Of these 2, one was due to painful non-
union, and required a re-operation, but the
other had fused uneventfully. The functional
result was good in 19 wrists and fair in 2.
Except for one non-union needing a re-
operation, no clinical complications were
observed. The radiographs showed no dilatation
of the implant channels: a sign of osteolysis.
Figure 19.
Radiographs of the right wrist of a 25-year-old man (Patient 13) with RA, 4.3 years after wrist
arthrodesis. Bony union in the position of  6.1º of extension and 8.8º of ulnar deviation is seen
(A) anteroposterior and B) lateral view).
A) B)
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3.3.3 Triple and ankle arthrodeses with
bioabsorbable fixation (III)
Results of the triple and ankle arthrodeses are
seen in Table 14 and Figures 20 and 21.
One patient had undergone an ankle arthro-
desis 6 years after the triple arthrodesis of the
left foot, and one triple arthrodesis after ankle
arthrodesis.
In the patient with arthrodesis of both
ankles, the arthrodesis of the right ankle with
SR-PGA screw fixation failed to fuse even
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Table 14. Results of ankle (TC) and triple (TaC-CC-TN) arthrodesis with SR-PLLA
implant fixation.
Patient/Joint Fused Complications Subjective Pain
opinion
1/R TC No Non-union, wound infection Good None
   L TC After re-operation non-union, varus malposition Poor Slight intermittent
2/  TC Yes None Good None
3/ TaC-CC-TN Yes None Good None
4/ TaC-CC-TN Yes None Good None
5/ TaC-CC-TN Partly Subtalar malunion (symptomless) Good None
6/ TaC-CC-TN Yes Slight varus malposition Good None
7/ TaC-CC-TN Yes Slight varus malposition Poor Slight intermittent
8/ TaC-CC-TN Yes None Good None
9/ TaC-CC-TN Partly Talonavicular malunion Good None
(symptomless)
Figure 20.
Radiographs of the left foot of a 58-year-old woman (Patient 8) with RA. A) rheumatoid destruction of the
talocalcaneal, calcaneocuboid, and talonavicular joints before surgery. B) 5.3 years after the operation;
solid fusion of the triple arthrodesis with SR-PLLA implant fixation is seen.
A) B)
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Figure 21.
Talocrural arthrodesis of the right ankle of a 59-year-old woman (Patient 2) with RA.
A) and B) Rheumatoid changes in the ankle before surgery, C) and D) 5.9 years post-operatively; complete
fusion of the talocrural joint is seen. Triple arthrodesis has been performed with metallic screw and staple
fixation.
A) B)
C) D)
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after a re-operation with an iliac crest bone
graft and SR-PLLA screw fixation, but the
resulting fibrous non-union of the right ankle,
detected clinically and radiographically, was
painless. In the left ankle arthrodesis with SR-
PLLA screw fixation, a pseudoarthrosis and
varus malposition developed, and the patient
had a re-operation at another clinic in 1.5 years’
time with metallic screw fixation. After this
re-operation, bony union was achieved, but a
varus malposition of the ankle persisted, as
observed clinically and in the radiographs. No
symptoms or signs of clinical tissue reactions
or radiographic osteolysis were detected.
3.3.4 Ankle fractures with bioabsorbable
fixation (IV)
The fractures were classified by the classifica-
tion of AO-ASIF (Müller et al.1991b) on the
pre-operative plain radiographs (Table 15).
Clinically and radiographically, all fractures
had healed in accurate positions (Figure 22).
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Functional results were excellent in 13, good
in two, and fair in one patient.
Two superficial wound infections had occurred,
Table 15. Fracture types and complications of the study with ankle fractures with SR-PLLA
implant fixation.
Patient Follow-up Fracture type Complications
(years)
1 11.7 Bimalleolar AO B3
2 10.7 Medial malleolus (and FTA) AO C3
3 10.6 Lateral malleolus and posterior trigonum AO B1
4 10 Bimalleolar AO B2 Tissue reaction; removed
45 months postop
5 9.9 Lateral malleolus and posterior trigonum AO B1
6 9.9 Medial malleolus AO C3
7 9.8 Medial malleolus AO C3
8 9.8 Lateral malleolus and posterior trigonum AO B1
9 9.8 Medial malleolus AO C3 Tissue reaction; removed
45 months postop
10 9.3 Lateral malleolus AO B1
11 8.9 Bimalleolar AO B2 Tissue reaction; removed
40 months postop. Wound
infection after re-operation
12 8.8 Trimalleolar AO B2
13 8.7 Trimalleolar AO B2 Tissue reaction; removed
115 postop.
Post-traumatic arthritis
14 8.7 Lateral malleolus AO B1
15 8.7 Trimalleolar AO B2 Tissue reaction; removed
115 months postop
16 8.6 Medial malleolus AO C3 Wound infection
Classification of ankle fractures by Müller et al. (1991b). All fractures consolidated. FTA=anterior
fibulotalar ligament.
of which,one after the primary and the other
after a re-operation healed with oral antibiotics
(Table 15). One patient had clinical and
The Present Study
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radiographic signs of moderate post-traumatic
osteoarthritis (Table 15). No re-operations due
to non-union or displacement of the fractures
had been performed; in 3 patients, however,
palpable masses over uncut screw heads in the
operated medial malleoli had been removed at
40 or 45 weeks postoperatively (Table 15).
Figure 22.
Radiographs of a 43-year-old man (Patient 14) with fracture of the lateral malleolus with SR-PLLA
screw fixation. A) anteroposterior and B) lateral views before and C) anteroposterior and D) lateral
views 8.7 years after the operation. Bony union and congruent talorural joint shown.
There was, however, no spontaneous late
drainage, known as sinus formation, presen-
ting as a discharge of hydrolysed bioabsorbable
material from the implants. In the present
study’s long-term follow-up, as well, a pain-
less palpable mass over the tip of the medial
malleolus, obviously situated over the uncut
A) B)
C) D)
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screw head, was noticed by each of 2 patients,
who agreed to removal of the mass under local
anaesthesia.
Macroscopically, in patients with removal
operations at 40, 45, and 45 months after the
first operations, the masses included dense, soft
material resembling softened PLLA surrounded
by a fibrous capsule. The lesions were situated
extraosseously. In  patients with their removal
operations 115 months after the initial opera-
tions, the lesions contained well-defined round
masses with a thin capsule, and inside the
capsule, firm connective tissue-like material
and in patient 13, a small amount of yellow
viscous fluid. The lesions were situated extraos-
seously, and during the operations, the implant
channels could still be found and were explored;
the implant channels seemed to include a very
small amount of loose soft tissue and no
macroscopic polymer. Microscopy revealed
2 kinds of reactions. In patients 4, 9, 13, and 15,
a classic foreign-body reaction apparent (Figu-
res 23 and 24), with shattered particles of bi-
refringent  PLLA, multi-nucleated giant cells,
and fibrocytes. Patient 11 showed a less cellular
reaction with mostly macrophages and fibro-
cytes and fewer multi-nucleated giant cells, and
in this patient the PLLA was more lysed and
amorphous. In all patients, the site of the reaction
was surrounded by a capsule of connective
tissue, but the capsule thickness varied from
one patient to another. Inflammatory cells were
almost absent.
In TEM, the sections of both patients
examined showed putative PLLA remnants
almost exclusively intracellularily. In particu-
lar, multinucleated giant cells and macro-
phages contained  large accumulations of mo-
derately stained, amorphous material within
0.5 to 10-um wide, membrane-bound vacuoles.
The material generally appeared amorphous;
inclusions with periodic, crystalline patterns
occurred very rarely. The nuclei and organelles
(e.g., mitochondria, Golgi apparatus) appeared
morphologically intact, with the possible
exception of the endoplasmic reticulum (and
nuclear envelope), which sometimes showed
local dilations. Other cell types such as fibro-
cytes appeared completely normal, thus not
harbouring any PLLA (Figure 25).
In the immunohistochemical  examinations
of both patients, cellularity was low. Of the
cells, 90% were CD-68 positive macrophages.
They were clustered around capillaries
staining positive with CD 34. Spots of lyso-
zyme positivity in the amorphous PLLA mate-
rial suggested degrading phagocytic cells.
Only occasional CD 3-positive T-lymphocytes
were evident. No B-lymphocytes or neutro-
phils were found.
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Figure 23.
Photomicrographs of a tissue sample of a 37-year-
old woman (Patient 4) from the subcutaneous
tissue of the ankle 45 months post-operatively.
A) magnification x 2, B) magnification x 40,
C) magnification x 100. Macrophages (M) with
granular cytoplasm and multi-nucleated foreign-
body giant cells (G) containing PLLA remnants (R)
are surrounded by connective tissue (T) and a
capsule (C). Staining, Masson Goldner trichrome.
Figure 24.
Photomicrographs of a tissue sample of a 51-year-
old woman (Patient 13), from the subcutaneous
tissue of the ankle 115 months post-operatively.
 A) magnification x 2, B) magnification x 20,
C) magnification x 100. Foamy macrophages (M)
and multi-nucleated foreign-body giant cells (G)
containing PLLA remnants (R) are surrounded by
connective tissue (T) and a capsule (C). Staining,
Alcian blue PAS.
A)
B)
C)
A)
B)
C)
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Figure 25.
Transmission electron photomicrographs of a
tissue sample of  a 51-year-old woman (Patient 13)
from the subcutaneous tissue of the right ankle 115
months post-operatively. Original magnifications
A) x2 500, B) x7 500, and C) x15 000. C= col-
lagen, M= mitochondrion, N= nucleus, P=PLLA.
Box=area enlarged.
A) B)
C)
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Figure 27. CT scans of a 25-year-old man
4.3 years after arthrodesis of the right wrist.
Arrows point to implant channels. R= radius,
U= ulna, W= wrist bones.
Figure 26.
CT scans of a 54-year-old woman 9.9 years after
ankle fracture surgery. Arrows point to implant
channels. T= tibia, F= fibula.
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3.3.5 CT analysis of bioabsorbable
implants (V)
On the CT scans, 64 implants were definable,
and a total of  2560 measurements were per-
formed of the attenuation values of the implant
channels, the margins of the channels, the
surroundings of the channels, and the joint of
the other side, and 640 measurements of the
diameters of the implant channels (Figures 26,
27, and 28).
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Figure 28. CT scans of a 28-year-old woman
6.8 years after arthrodesis of the left talocalcaneal-
calcaneocuboideal-talonavicular joints.
C= calcaneus, T= talus. Arrows point to implant
channels.
The mean attenuation values of the implant
channels appear in Table 16. In the patients
with ankle fractures and triple or ankle arthro-
deses, attenuation values indicated the presence
of loose connective tissue, and with negative
values, fatty bone marrow. A steady decline in
attenuation values was evident during the first
4 to 6 years of the follow-up, after which atte-
nuation values remained at the same level as
connective tissue.  This pattern was most signi-
ficant in patients with wrist arthrodeses, since
the variation in follow-up intervals was grea-
test in these patients.
The mean attenuation values of the edges of
the implant channels were between 304.0 (SD
61.6) and 599.5 (SD 320.7) HU, demonstra-
ting values comparable to those of the cortical
bone throughout the follow-up period. These
values were significantly higher than those of
the surrounding cancellous bone (165.1
(SD 89.4)-243.2 (SD 181.0) HU) and the
cancellous bone of the other limb (116.7
(SD 78.0)-298.8 (SD 143.3) HU).
The mean diameters of the implant channels
decreased significantly during the follow-up
time in patients with ankle fractures and ankle
or triple arthrodeses: mean 0.14 (SD 0.50) mm
and 0.13 (SD 0.27) mm, respectively
(p<0.001). In patients with wrist arthrodesis, a
pattern existed in which the diameters
increased on average 0.43 (SD 0.96) mm
between 1.1 to 5.9 years (p<0.001), but then
began declining, showing a 0.05 (SD 0.21)-mm
decrease by 9.9 years (p<0.001) (Table 17).
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Table 16. Mean attenuation values of implant channels in Hounsfield units.
Follow-up Ankle fractures Wrist arthrodeses Ankle and triple arthrodeses
interval
(years)
N Attenuation N Attenuation N Attenuation
value value value
(mean) (SD) (mean) (SD) (mean) (SD)
1.1-3.9 30 110.33 (30.48)
4-5.9 80 65.48 (24.96) 30 64.06 (11.53)
6-7.9 30 47.05 (20.88) 110 49.93 (16.85)
8-9.9 90 55.93 (33.51) 10 54.78 (24.49) 110 48.25 (12.02)
10-11.9 130 43.89 (30.28)
12-13.9 20 54.37 (14.32)
Mean(SD) 240 49.28 (31.05) 150 70.06 (33.05) 250 50.89 (15.08)
N= number of measurements, SD= standard deviation
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Table 17. Mean diameter changes in implant channels in millimeters.
Follow-up Ankle fractures Wrist arthrodeses Ankle and triple arthrodeses
interval
(years)
N Diameter N Diameter N Diameter
change change change
(mean) (SD) (mean) (SD) (mean) (SD)
1.1-3.9 30 0.42 (0.74)
4-5.9 80 0.43 (0.96) 30 -0.12 (0.26)
6-7.9 30 0.02 (0.25) 110 -0.17 (0.26)
8-9.9 90 0.02 (0.68) 10 -0.05 (0.21) 110 -0.09 (0.28)
10-11.9 130 -0.24 (0.33)
12-13.9 20 -0.10 (0.22)
Mean(SD) 240 -0.13 (0.50) 150 0.31 (0.81) 250 -0.13 (0.27)
N= number of measurements, SD= standard deviation
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3.3.6 Arthrodesis of the first MTP joint
with bioabsorbable fixation (VI)
All but one fusion achieved bony healing
(Figures 29 and 30).
The mean Larsen grade was 2.9 (range, 2-4).
The classification of the rheumatoid changes
and  results of the radiographic measurements
are summarised in Table 18.
In a subjective rating, the result was con-
sidered excellent in 4 feet and good in 5, with
no fair or poor results. According to the Hallux
Metatarsophalangeal-interphalangeal Scale
(Kitaoka et al. 1994b), the score was on average
78 (range, 68-90) points of a maximum 100.
No patient suffered from other than mild occa-
sional pain in the foot operated on, nor were
there any limitations in daily or recreational
activities or any need for modified shoes. All
patients reported to be able occasionally even
to wear high-heeled dress shoes. All patients
found the post-operative condition of the foot
or feet significantly improved over its condition
pre-operatively. On palpation, no tenderness
was felt on the plantar aspect of the first meta-
tarsal head or the pulp of the hallux, and no
callosities were found.
One patient developed a superficial wound
infection and non-union; her pseudoarthrosis
was painless, and no re-operation has been
necessary. In another patient, a superficial
wound infection was healed with oral antibio-
tics. No fluid accumulation,  sinus formation, or
signs of osteolysis occurred. In another patient,
a bony remnant of the third metatarsal head was
removed in a second operation. In another patient,
slight clinical and radiographic degenerative
changes of the first interphalangeal joint were
detected, but caused no clinical symptoms.
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Table 18.
Pre-operative classification (Larsen et al.
1977), and pre- and post-operative valgus
and post-operative dorsiflexion alignment
of the first MTP joint in patients with
SR-P(L/DL)LA 70:30 screw fixation of
MTP 1 arthrodeses. Mean post-operative
MT2 valgus angle was 14 (range, 3-28)º.
Patient Grade Valgus Dorsiflexion
(degrees) (degrees)
Pre-op  Post-op Post-op
1 4 44         19 28
3 37 18 28
2 3 15         18 25
3 3 54         17 25
4 4 18         18 26
5 2 44         19 27
6 3 30         17 27
7 2 45         32 35
8 2 37         18 25
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Figure 29.
Radiographs of the right foot of a 54-year-old woman with RA (Patient 6) A) before surgery and B) 25
months after arthrodesis of the first MTP joint with bioabsorbable fixation. Solid bony union is visible.
Figure 30.
Radiographs of  the left foot of a 70-year-old woman (Patient 7) with RA A) before surgery B) one day
after arthrodesis of the first MTP joint and resection arthroplasty of the lesser MTP joints, and C) 24
months post-operatively. MTP 1 arthrodesis failed to fuse.
A) B)
A) B) C)
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4. DISCUSSION
Discussion
To the knowledge of the author, the present
study is the first clinical long-term evaluation
of SR-PLLA implants in orthopaedics and
traumatology. Matsusue and co-workers pub-
lished in 1997 their series on 80 operations,
including bone grafting in hip arthroplasties
and cervical spine decompression operations,
fixation of peri- and intra-articular fractures,
and one correction osteotomy for hallux
valgus, with drawn PLLA implant fixation.
Some differences exist, however, between the
manufacturing method of these implants and
that of the SR-PLLA implants. Results at a
mean 5.3 years of follow-up were satisfactory
both in bone healing and in biocompatibility,
functional results were not evaluated (Matsusue
et al. 1997). No long-term results on arthro-
deses in patients with RA nor on internal fixa-
tion of ankle fractures with PLLA implant
fixation have been reported.
Bioabsorbable implants have not been com-
monly used in arthrodeses in rheumatoid
patients. Previously, Niskanen and co-workers
(1993) published a study with SR-PLLA-rod
or metallic Kirschner-wire fixation of first
MTP joint fusions in 39 patients with RA.
Bony union of the fusion was achieved in all
but 5 of the SR-PLLA, and in all but 2 patients
of the metallic group. Juutilainen and Pätiälä
(1995) fused 18 wrist, 6 talocrural, 11 subtalar-
calcaneocuboid-talonavicular, and 18 meta-
carpo- or interphalangeal joints in patients
with RA with SR-PLLA screw or rod fixation.
All except 2 talocrural fusions consolidated.
No previous reports have been published of
clinical applications of SR-P(L/DL)LA 70:30
implants in orthopaedics and traumatology.
In the present study, 41 of 45 (89%) arthro-
deses of the wrist with SR-PLLA rod fixation
fused uneventfully, and after 43 of 45 (96%)
procedures, no further surgery was necessary
(I,II). In previous studies with metallic pin, or
plate and screw fixation, fusion rates of arthro-
deses of the wrist in patients with RA have
been found to be between 96 and 100%
(Mannerfelt and Malmsten 1971, Millender
and Nalebuff 1973, Vicar and Burton 1986,
Kobus and Turner 1990, Howard et al 1993,
Pech et al.1996, Rehak et al. 2000). However,
other complications than non-union related to
wrist arthrodeses have occurred after as high
as 23% of the operations (Kobus and Turner
1990, Rehak et al. 2000). These complications
have included wound healing difficulties
(Millender and Nalebuff 1973, Vicar and
Burton 1986, Kobus and Turner 1990, Howard
et al 1993, Pech et al.1996), symptoms of
median nerve compression (Mannerfelt and
Malmsten 1971,  Vicar and Burton 1986,
Kobus and Turner 1990), and symptomatic
hard wear leading to implant removals (Straub
and Ranawat 1969, Millender and Nalebuff
1973, Vicar and Burton 1986, Kobus and
Turner 1990, Howard et al 1993, Pech et al.
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1996, Barbier et al. 1999). The incidence of
wound complications in wrist arthrodeses per-
formed by the method of the present study was
zero, and may be, at least in part, directly rela-
ted to technique; implanting the SR-PLLA rod
is relatively simple and tissue-conserving, and
it is implanted totally inside the bone, leaving
no extruding parts. The long-term systemic
steroidal medication commonly used by patients
with RA may cause thinning and fragility of
the skin and deterioration of wound-healing
ability; rough metallic osteosynthesis devices
under a thin layer of skin and subcutaneous
tissue may not be ideal.
In most patients in these short- and long-
term studies on bioabsorbable fixation of
arthrodesis of the wrist (I,II), the position of
the arthrodesis was slight extension and ulnar
deviation. This has been suggested to be the
ideal position of the arthrodesis in order to
attain maximal function of the hand after wrist
fusion (Skovly 1967, Pahle and Raunio 1969,
Kraft and Detels 1972, Hazelton et al. 1975,
Pryce 1980, Brumfeld and Champoux 1984,
Rayan 1987, Barbier et al. 1999). It has also
been suggested that the optimum position of
the wrist should be determined individually for
each patient (Speltz et al. 1983, Carlson and
Trombly 1983, Ryu et al. 1991). In our bilateral
arthrodeses, the wrists were  fused in differing
positions to allow the patients to perform diffe-
rent functions with each hand, as suggested in
previous studies (Rayan et al. 1987, Rosen and
Weiland 1998).  The highest patient satisfaction
in our study (I) was found in patients with
slight ulnar deviation, whereas the degree of
extension had no statistically significant effect
on patient satisfaction. Consequently, the posi-
tion of the wrist had no impact on the patients’
functional outcome. The older the patient, the
greater the satisfaction with the position,
which is likely to indicate that in ageing, the
functional level of the patient decreases,
demanding less of the function of the hand.
Hand function assessed subjectively improved
moderately or significantly in 12 wrists and
was moderately impaired in 10. This may indi-
cate that some patients are able to adapt to the
stiffness of the wrist better than others. More-
over, even though the function of the fingers
usually improves after wrist fusion, Volz et al.
(1980) and Ryu et al. (1991) have demonstra-
ted in biomechanical analysis of the kinetics of
the wrist that some movement of the wrist is
required for normal hand function. However,
all but 2 patients (22 wrists) had satisfactory
pain relief, and all but 3 (21 wrists) were satis-
fied with the overall outcome, demonstrating
that the patients do tolerate well the restric-
tions of a stiff wrist in daily activities as long
as pain is absent. In one patient, bilateral wrist
fusion produced satisfactory pain relief but an
uncomfortable feeling of stiffness in both
wrists. It might have been advisable to perform
arthrodesis of one and arthroplasty of the other
wrist to retain some movement of one wrist
(Cobb and Beckenbaugh 1996).
The evaluation of functional results in the
present long-term study (II) after wrist arthro-
desis utilised only subjective analysis; because
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RA is a progressive disease, comparing the
pre- and post-operative hand function over a
long-term interval would have been inadequate;
similarly, comparing the function of the upper
limbs in patients with bilateral arthrodesis of
the wrists and varying rheumatoid involvement
of the upper limb joints would not produce
accurate data.
Of  7 triple arthrodeses with SR-PLLA
screw or screw and rod fixation, 5 fused un-
eventfully (III). The radiographic subtalar in
one, and talonavicular in another patient were
asymptomatic, requiring no further surgery.
All patients received pain relief, and all but one
patient (with slight varus malposition of the
foot) were satisfied with the outcome. The
overall results of the triple arthrodesis with our
technique are comparable to those with techni-
ques with metallic implant fixation (Vahvanen
1967, Adam and Ranawat 1976, Cracchiolo et
al. 1990, Figgie et al. 1993). Talonavicular
non-union is reported to follow in up to 37% of
arthrodeses of the joint, but is commonly
asymptomatic (Ljung et al. 1992). In one pa-
tient of our study, deterioration of the fused-
side ankle joint led to ankle arthrodesis 6 years
after the triple arthrodesis; subtalar pathology
is known to precede ankle involvement in
patients with RA (Belt et al. 2001a), and ankle
involvement has been observed in 20.7%
(Feiwell and Cracchiolo 1993) and 12%
(Figgie et al. 1993) of patients after triple
arthrodesis.
Only one of 3 ankle arthrodeses of the
present study (III) fused uneventfully. The
number of operations in our study was too
limited for drawing conclusions; however, in
previous studies of ankle arthrodeses with
metallic fixation, difficulties in bony healing
have been commonly observed, as well. Smith
and Wood (1990) reported uneventful bony
healing in 73%, Moran and co-workers (1991)
in 60%, and Belt and co-workers (2001b) in
68% of patients. Felix and Kitaoka (1998)
achieved, however, solid union in 95% of their
arthrodeses of the ankle in patients with RA,
and Mäenpää and co-workers (2001b) in 90%.
In the present study, the functional results
(coping with daily activities) were included in
the patient’s subjective opinion on the outcome
of the procedure. Several studies with ankle
arthrodeses or arthroplasties in patients with
RA have used  the Mazur score (Mazur et al.
1979), developed primarily to evaluate func-
tional results after ankle arthrodesis for post-
traumatic osteoarthritis (Unger et al. 1988,
Sowa and Krakow 1989, Smith and Wood
1990), but it has been found inaccurate in
reflecting the limited functional requirements
of patients with  severely disabling polyarthro-
pathy (Moran et al. 1991, Dereymaeker et al.
1998).
Bony healing and retention of reduction of
the ankle fractures were uneventful in all patients
in the long-term study of ankle fractures with
SR-PLLA screw and/or rod fixation (IV), and
the results are comparable with other studies of
bioabsorbable (Hirvensalo 1989, Partio et al.
1992a, Dijkema et al.1993, Bucholz et al.
1994, Böstman et al. 1995) or metallic
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(Lindsjö et al. 1985, Mak et al. 1985, Phillips
et al. 1985, Savage et al. 1995) fixation.
Lindsjö (1985) reported the results of a long-
term study of 306 dislocated ankle fractures
treated surgically with metallic implant fixation
with 2 pseudoarthroses and good functional
results in 82%. Post-traumatic arthritis occur-
red in 14% of the patients and showing a
strong correlation with the poor functional
results. In the present study, one patient was
found with osteoarthritis of the ankle operated
on and was the sole patient with only fair fun-
ctional results. On the other hand, the importance
of exact reduction of the fracture fragments
previously suggested to contribute greatly to
the good functional results and avoidance of
osteoarthritis in the long-term post-operative
course of ankle fractures (Klossner 1962) is
supported by the present study; with accurate
reduction of the fractures in all patients, the
long-term functional results were excellent,
and the incidence of post-traumatic osteo-
arthritis was low. In the study of Lindsjö, the
wound problem rate was 5% (1.8% infection,
3.2% wound margin necrosis). The infection
rate (6%) in our study was comparable to that
of other studies with bioabsorbable (Sinisaari
et al. 1996) or metallic fixation (Paiement et al.
1994, Savage et al. 1995, Sinisaari et al 1996).
“On CT analysis, each volume element is
given numerical attenuation value, which cor-
responds with the amount of radiation absor-
bed by the tissue in that picture element.
CT density is directly proportional (linear pro-
portion) to the attenuation coefficient which is
a tissue constant influenced by many factors.
The attenuation coefficient quantifies the
absorption of x-irradiation. After internal
calibration of the scanner, the CT density of
water is set at zero, and that of air at –1000
Hounsfield units. The various types of body
tissues are assigned values relative to the
Hounsfield scale. CT values are therefore
arbitrary but relative values that abide by the
laws of attenuation“ (Wegener 1993). Attenua-
tion values of over 250 HU represent cortical
bone, 130 ±100 HU cancellous bone, and 20 to
60 HU connective tissue. As fat content of a
tissue increases, attenution values as low as –
65 HU can be measured (Wegener 1993, Brad-
ley et al. 1997). Based on the present study
(V), it appears to be possible to demonstrate
the degradation of bioabsorbable SR-PLLA
implants on the linear Hounsfield scale. This
study’s attenuation values fell to the level of
connective tissue in 4 to 6 years, and then this
process of decreasing halted, suggesting that
the mass of an SR-PLLA implant degrades
within that interval inside human bony tissue.
Previously, in a study of ankle fractures with
SR-PLLA-implant fixation, CT scans were
obtained one year after fracture fixation in 6
patients and 4 years in 12 patients; the contents
of the channels showed attenuation values of a
mean 199 (range, 131-282)  and mean 36 (ran-
ge, 32-106) HU, respectively, reflecting the
gradual degradation of the implants. However,
due to the short follow-up time of the study, it
was impossible to demonstrate the ultimate
duration of the decrease in attenuation values
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(Böstman et al. 1995). Compared with the
MRI studies (Pihlajamäki et al. 1997a and
1997b), the present study may indicate that
evaluating the degradation of the SR-PLLA
implants on the linear Hounsfield scale is a
more accurate non-invasive method to show
the degradation pattern than is MRI.
The present study showed the decrease in
attenuation values of SR-PLLA implants to a
level inferior to values for cancellous bone.
This may suggest that after the degradation of
the implants, complete restoration of the imp-
lant channels by bony tissue does not take
place. In experimental studies, complete
(Matsusue et al. 1995) and partial (Jukkala-
Partio et al. 2001) restoration of the implant
channel by bone has been demonstrated 62
months after implantation of a drawn PLLA
rod in a rabbit femur, and 60 months after fixa-
tion of a femoral neck osteotomy in a sheep.
However, in a clinical study,  Pihlajamäki and
co-workers, in evaluating samples taken 20
and 37 months after implanting  SR-PLLA
pins to fix chevron osteotomies, found that the
implant channels had, by then, been replaced
by loose connective tissue (Pihlajamäki et al.
1992).
The present results are in accordance with
previous experimental results showing that a
rim of new bone develops on the margins of
the implant channel (Rozema et al. 1990,
Majola 1991a, Pihlajamäki et al. 1994c, Hara
et al. 1994, Nordström et al. 1998).
Previous experimental studies have de-
monstrated no direct evidence of bone resorp-
tion during the degradation of PLLA implants.
However, the presence, during the late phase of
degradation of PLLA implants, of macropha-
ges around the implants may reflect indirectly
the fact that some bone resorption around the
implants is taking place, since macrophage
activation is known to cause bone resorption
(Lassus et al. 1998). In the present study, we
saw a transient dilatation of the implant chan-
nels, peaking at 4 to 5.9 years. A similar pat-
tern of transient dilatation of the implant chan-
nels at 2, 3, and 4 years after fixation of sagittal
split mandibular osteotomies with SR-PLLA
screws has been evident in plain radiographs
(Kallela et al. 1999b). The patients in the pre-
sent and in that previous study have been
asymptomatic, contradicting the view that the
phenomenon is of any clinical significance.
The temporary resorption of the bone around
SR-PLLA implants may reflect normal tissue
response to degradation of a bioabsorbable
implant.
In active RA, bone tissue metabolism is dis-
turbed: rate of bone remodelling increases, and
bone resorption seems to increase more than
does bone formation (Compston et al. 1994).
This negative bone remodelling balance, acce-
lerated by systemic glucocorticoid therapy
(Als et al. 1985, Cortet et al. 1997), results
in diminished bone volume and strength
(Eggelmeijer et al. 1993, Compston et al.
1994, Bogoch and Moran 1999). In the present
study, resorption of bone around SR-PLLA
implants was evident in patients with RA
during the degradation of the implants; this
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was, however, most probably due to the fact
that at the time of the CT analysis, intraosseous
degradation of the SR-PLLA implants was
active exclusively in patients with RA,
whereas it had already been completed in pa-
tients with ankle fractures. No conclusions
based on the present study can be drawn as to
whether the degradation characteristics of
SR-PLLA implants show any variation bet-
ween a bone with disturbed metabolisim such
as in RA, and normal fractured bone.
No signs or symptoms of late tissue re-
actions occurred after fixation of ankle fractu-
res or arthrodeses in which the implants were
inserted completely intraosseously or in which
the extruding screw heads or rods were remo-
ved (II, III, IV), suggesting the good biocom-
patibility of SR-PLLA implants in the long
term when implanted correctly. On the contrary,
the number of removal procedures due to pal-
pable masses over the bulky screw heads left
uncut in the thin subcutaneous tissue layer over
medial malleoli after ankle fracture fixation
(IV) was high compared with figures in other
studies with poly-L-lactide screw fixation
(Partio 1992, Bucholz et al. 1994, Böstman et
al. 1995). The follow-up intervals for the latter,
however, appear to be too short to determine
the biocompatibility of the slowly degrading
PLLA implants. In previous studies with plates
on the bone and of screws made of poly-L-
lactide, the incidence of late swelling has
appeared considerably higher than with single
screws (Bergsma et al. 1995, Eitenmüller et al.
1996). Previous studies have shown that site of
implantation affects the duration of degradation
of a bioabsorbable implant (Hollinger and
Battistone 1986, Vert et al. 1992), due to the
differing vascularisation and body fluid con-
tent of  various tissues. The mechanism of late
degradation of PLLA in the tissues is phago-
cytosis (Rozema et al. 1994, Böstman et al.
1995, Matsusue et al. 1995, Bergsma et al.
1996, Böstman and Pihlajamäki 1998). PLLA
is a combination of amorphous and crystalline
areas of which the amorphous ones are deg-
raded first (Vert et al. 1981), because the
PLLA crystals are not as susceptible to hydro-
lysis (Bergsma et al 1995). The mechanism of
the tissue reactions and the long (115 months)
persistence of the SR-PLLA remnants in the
tissue observed in the present study, time
exceeding that of previous reports of persistence
of PLLA material in human tissues (Bergsma
et al. 1995, Böstman and Pihlajamäki 1998,
Mosier-LaClair et al. 2001), is most probably
due to the volume of the SR-PLLA crystals
exceeding the capacity of the thin layer of sub-
cutis with its primarily poor vascularisation.
This condition is further compromised by the
trauma and by the operation to ultimately clear
the tissue from the polymer debris. No in-
flammatory components or signs of cellular da-
mage suggesting an immunological or cyto-
toxic origin of the tissue reactions were
observed in the immunohistochemical or TEM
examinations. The volume of SR-PLLA mate-
rial left in superficial, subcutaneous implanta-
tion sites should not exceed the capacity of the
tissue to clear the polymer debris; the data
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obtained in the present study do not encourage
the development of large-volume extraosseous
SR-PLLA plates for bone fixation, and correct
surgical technique, in which all the extruding
screw heads and rods are removed with an
oscillating saw or a hot wire, must be strictly
followed.
In the preliminary report on the use on SR-
P(L/DL)LA 30:70 screws in arthrodeses of the
first MTP joint in patients with RA (VI), 8 of 9
fusions consolidated uneventfully, and all
patients were satisfied with the result. The early
results obtained by non-prosthetic rheumatoid
forefoot surgery have been reported as satis-
factory in 83% (Hughes et al. 1991) or better
(85, 89, 95%)  in the work of Mann and Oates
(1980), Mann and Thompson (1984), and
Mann and Schakel (1995), respectively, but
over the long term, there seems to be a risk for
recurrence of the deformation and a need for
re-operation (Patsalis et al. 1996, Hämäläinen
and Raunio 1997). The mean score of the pre-
sent functional results was 78, a value pre-
viously reported as 69 by Coughlin (2000).
The alignments of the arthrodeses of the first
MTP joint in the present study were found to
fall within the limits recommended by previous
studies, from 15 (Raunio et al. 1987, Hämäläi-
nen and Raunio 1997) to 20 to 30º (Coughlin
2000, Fitzgerald  1969, Mann and Thompson
1984) of valgus and 20 to 30º of dorsiflexion
(Mann and Thompson 1984, Raunio et al.
1987, Hämäläinen and Raunio 1997, Coughlin
2000), as well as the alignment of the MTP 2
angle, at 14º of valgus (Coughlin 2000). When
the dorsiflexion alignment of the first MTP
joints in particular deviates from the values
recommended, difficulties may ensue: with
insufficient dorsiflexion, increased pressure on
the tip of the great toe may cause uncomfortable
sensations (Moynihan 1967), while excessive
dorsiflexion may lead to increased pressure
with symptoms underneath the first metatarsal
head or on the first MTP joint (Beauchamp et
al. 1984).
The implant material of the present study
(VI), a copolymer of the two polylactides
L- and D-lactide, has been previously analysed
in experimental studies in vitro and in vivo.
Non-reinforced P(L/DL)LA has been found
non-toxic in vitro (Ignatius and Claes 1996),
and the mechanical properties of SR-
P(L/DL)LA 70:30 screws have been sufficient
to fix mandibular osteotomies in sheep (Kalle-
la et al. 1999a) and rods to fix distal femoral
osteotomies in rats (Joukainen et al. 2000).
Although implants made of SR-P(L/DL)LA
have not been used clinically in orthopaedics
and traumatology, reports obtained as to use of
SR-P(L/DL)LA 70:30 plates and screws for
clinical indications in craniomaxillofacial sur-
gery have been encouraging (Ashammakhi
et al. 2001). The screws fabricated of
P(L/DL)LA 70:30 co-polymer by the self-rein-
forcement method show significantly higher
mechanical strength than the non-reinforced
P(L/DL)LA 70:30 implants previously intro-
duced (Rehm et al. 1994). The degradation
time of SR-P(L/DL)LA 70:30 screws has not
been established in vivo, but due to the amor-
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phous microstructure of the screw, this is most
likely to be shorter than that of crystalline SR-
PLLA (Pohjonen and Törmälä 1996), which is
unnecessarily long. The present study offered
evidence of safe small-bone arthrodesis fixation,
and offered justification for further research on
fixation of cancellous bone with SR-
P(L/DL)LA 70:30 implants for other indica-
tions in orthopaedics and traumatology.
The present study, as the first clinical long-
term evaluation of SR-PLLA implants, may
contribute to future research in providing data
on the degradation characteristics and biocom-
patibility of these implants in clinical use. SR-
PLLA was found to be well suitable for fixation
of cancellous bone fractures and most arthro-
deses, but it failed to fulfill the demands of an
ideal bioabsorbable implant material due to its
excessively long degradation time. The highly
crystalline microstructure of SR-PLLA contri-
butes to the this polymer’s resistance to hydro-
lysis, thus leading to its slow degradation.
Amorphous and semi-crystalline co-polymers
of polylactide such as the SR-P(L/DL)LA
70:30 of the present study, and the SR-
P(L/DL)LA 92:8 suggested in a previous expe-
rimental study (Saikku-Bäckström et al. 2001),
may each play an important role as implant
materials in surgery and future research into
bioabsorbable polymers with high initial
mechanical strength and strength retention,
and with medium-term degradation time.
Currently, increasing interest within the field
of bioabsorbable material research has been
focused on bioabsorbable implants in re-
construction of tissues such as in bone regene-
ration (Meinig et al. 1997),  in stents in urology
(Talja et al. 1997, Multanen et al. 2000), and in
vascular surgery (Hietala et al. 2001), and in
central and peripheral nervous system regene-
ration scaffolding (den Nunnen and Meek
2001, Maquet et al. 2001). Moreover, with bio-
absorbable bioactive composite materials
made by combining bioabsorbable polymers
with bioactive additives such as drugs (Kunou
et al. 2000, Brem and Kabikian 2001, Mandal
et al. 2001, Sanchez et al. 2001), hormones
(Ma et al. 2000, Woo et al. 2001), vaccines
(Jabbal-Gill et al. 2001), growth factors (Tieli-
nen et al. 1998, Tielinen et al. 1999, Milella et
al. 2001, Schmidmaier et al. 2001), bioactive
glass  (Palmgren et al. 2001), or ceramic (Igna-
tius et al. 2001) particles,  it may be possible to
deliver drugs, hormones, and vaccines and
enhance the healing rate and formation of new
tissues. These novel materials, in particular the
bioabsorbable bioactive materials, may in
future contribute to tissue engineering in ortho-
paedics and traumatology; in the healing of
bone defects with a combination of a bioabsor-
bable material and a bone morphogenic growth
factor, or healing of vertebral disc defects with
a combination of a bioabsorbable material and
bioactive glass. Active research on bioabsor-
bable polymers during the last 4 decades has
contributed to the widespread clinical applica-
tions of these polymers as suture and implant
materials in surgery. Because of the recent new
applications, clinical bioabsorbable polymer
use will continue expanding.
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Conclusions
Based on the aims of the present study, the results can be summarised in the following conclu-
sions:
1. Self-reinforced poly-levo-lactic acid (SR-PLLA) rods are suitable for fixation of arthrodeses
of the wrist in patients with rheumatoid arthritis, when evaluated short-term. The results of
these operations were good in bony healing and  correction of deformities. Except for 3 non-
unions in 24 wrists, of which only one needed additional surgery, no complications occurred.
Improvement of the function of the hand was obtained in half of the patients, and overall
patient satisfaction with the outcome was high. These findings encourage us to continue the
use of self-reinforced poly-levo-lactic acid (SR-PLLA) rods as fixation devices in wrist
arthrodeses.
2. In the long term, self-reinforced poly-levo-lactic acid (SR-PLLA) rods are safe and efficient
implants as wrist arthrodesis fixation devices in the rheumatoid patient. The fusion rate was
high, and overall patient satisfaction was found to be good in this study with its mean follow-
up time of over 5 years. Biocompatibility of  the self-reinforced poly-levo-lactic acid (SR-
PLLA) rods appeared high, with no clinical signs of adverse tissue reactions.
3. Self-reinforced poly-levo-lactid acid (SR-PLLA) rods and screws can serve as fixation devices
in talocalcaneal-talonavicular-calcaneocuboid arthrodeses in rheumatoid arthritis. In talo-
crural arthrodeses, difficulties in bony union occurred. No signs or symptoms of foreign-body
tissue reactions towards the implants appeared during long-term follow-up.
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4. Self-reinforced poly-levo-lactic acid (SR-PLLA) screws and rods are suitable for fixation of
ankle fractures;  uneventful bony healing, good functional results, and low incidence of post-
traumatic osteoarthritis were detected in the long-term follow-up study. Bulky parts of
implants may cause tissue reactions, clinically manifesting as late swelling around the
implants, but with the correct surgical technique, these can be avoided. Parts of  these implants
may persist in human tissues for over 9 years after implantation.
5. Degradation of self-reinforced poly-levo-lactic acid (SR-PLLA) implants in human bone tissue
can be demonstrated by means of  computed tomography. The mass of the self-reinforced poly-
levo-lactic acid  (SR-PLLA) implants degraded inside the bone in 4 to 6 years. During this deg-
radation, some resorption of the bone around the implants occurred, but a rim of new, dense bone
appeared in the margins of the implant channels. No complete restoration of the bony tissue
inside the implant channels was seen.
6. Self-reinforced poly-levo-lactic/racemic lactic acid 70:30  (SR-P(L/DL)LA 70:30) screws can
be used to fix arthrodeses of the first metatarsophalangeal joint in patients with rheumatoid
arthritis with good results in bony union and patient satisfaction. The short-term biocompati-
bility of this novel implant material appeared high.
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